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HARVESTING - SOURCE OF MANY PROBLEMS
Lee Miller !/
The skill with which many crops are harvested often determine the profit
in growing them. In our high production per man hour agricultural system, the
demands for highly technical application of seemingly simple principles increases
ever upward.
As seedsmen, you are interested in all facets that affect the profitableness
of growing a crop, but more interested in the factors that influence seed quality.
The following involves a discussion of some basic principles, their theory and
application on field losses and seed quality.
Many crops have no special harvesting machine but use a universal machine - combine - adapted to specific crops. In many operating situations, the
functional requirements of the various components for optimum harvesting are
confused among crops and inadequate adjustments result.
A study was conducted of soybean harvesting in Mississippi during 1969
and 1970. The economi c importance of this crop to the country and world needs
no debate. The following discussion primarily is concerned with soybean harvesting, though somewhat applicable to bther crops . The basic principles,
theory and application, in the following discussion are the 3 indexes - reel, cutting, and threshing - of the combine.
Reel Index
The soybean harvest losses generally range from 10-20% of the yield. Results of these studies , Tables 1 and 2, indicate the harvest losses to be 15-17%
in Mississippi, representing many millions of dollars.
Most (50-75%) of the harvest losses are attributed to the gathering unit,
mostly shattering. The shattering-occurs as loose beans and beans in detached
pods are lost on the ground. The reel is an integral part of the gathering unit,
and a basic understanding of its possible use and limitations is important. Misuse will contribute to the gathering unit loss.
The only purpose for the reel on the combine is to aid getting the crop onto the platform in such a way that the platform auger can have controlled movement of the crop into the combine. If this objective can be accomplished without
using the reel then it should be raised up out of the crop. In some cases this can
be done, but in most it cannot. Any contact the reel makes with the crop, however, will increase the shattering. If harvesting cannot be controlled without it ,
then, it is a question of more use of the reel which will increase the shatter loss
or less use of the reel with an increase in lodged and cutter bar l osses.

!/Extension Agricultural Engineer, Agricultural and Forestry Extension
Service, Mississippi State University, State College, Mississippi.
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Table 1

Data from 1969 Combine

Stud~

.
: Spike
. Tip
:Kernel :Kernel :Tota 1
:Cylinder:Cylinder :
Combine:Reel :Speed: Speed Speed :Threshing:Clearance:Moisture:Damage : Loss
% :BU/AC
Index
Inches
%
FPM
RPM
Number :Index: MPH
14.56
.9
2.2
600
94
5/8
*
2.73
3023
1
970
149
3/4
12.83 14.8
3. J
5760
2
1.56 4.00
1.1
2. 1
550
155
1 3/4
12.75
2736
3
2.39 2.62
4.2
1. 5
650
181
1
15 .66
3744
4
1.36 2.29
13.25
1.9
640
134
1 l/2
1. 3
3184
1. 06 3. 54
5
4.6 .
12.49
4.3
3134
630
136
3/4
1.05 3.44
6
11.23 12 .2
3. 2
3686
640
160
1
1.43 3.00
7
4.8
3456
146
2
10.66
8.6
1.05 3.22
600
8
11.08 10.3
3.2
3456
600
226
1 1/4
2.43 1.89
9
3/4
11.1 2
6.0
2.7
3456
600
121
1.37 3.37
10
13. 18 16.5
1.7
4262
740
201
1
1.63 2.87
11
13.41
16.3
4.9
2534
440
114
12
2.09 2.09
1L2
1969 average loss 3.0 BU/AC
*Reel index for th i s combine was unavailable

..

..

..

Table 2
:
:Cylinder:Cylinder:
: Tip
:Kernel : Kernel :Total
Combine:Speed : Speed
Speed :Threshi ng:Clearance :Moisture :Damage: Loss
Number : MPH
FPM
RPM
Index
Inches : %
: % :BU/Ac
1
2. 81
2822
490
103
2
13. 1
7. 1
3. 3
2
2.62 3744
650
226
1
1 5~0
11 .6
1.5
3
2.21
2736
550
147
1 l /2 14.4
3. 1
1.5
4
3. 56 2534
440
191
1 3/8 15.0
3.7
*
5
2.67 3570
620
195
1 1/2 13.2
6.2
1 .0
6
2.98 3744
650
122
1 3/4 16. 2
6.0
5.0
7
2.64 4032
700
149
1
15.6
4.6
6.0
8
1. 91 3225
560
247
2
11.7
22 .5
9.5
9
2.53 311 0
540
180
1 3/4 12.2
6.6
*
10
2.63 31 10
540
163
1 l /2 14.9
2.6
1.8
11
1.59 2995
520
265
3
15.0
6.2
2.8
12
2.71
3441
580
170
1
15.4
5.7
3. 8
13
2.96 2880
500
142
2
15.1
5.2
3. 8
14
2.79 3456
600
181
1 l /2 15.0
5.1
3. 2
1970 average loss
3.6 BU/AC

~

Total loss for these combines was unavailable
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Reel index is defined as the speed of the reel relative to the ground speed
of the combine. A reel index of 1. 25 is the minimum recommended for control.
This will give enough relative movement of the crop to the cutter bar and onto
the platform when the combine is in harvesting motion. Figure lA, lB shows
the relative movement of the:teel wltli indices ofl. 25 &1. 50. Only at the bottom
of the travel path, indicated by the arrows, does the reel index reach a horizonal
value of 1. 25 or 1. 50 toward the cutter bar. This contact and movement leans
the crop toward the cutter bar for cutting and control . If the horizonal movement
was not greater than the ground speed, there would be no movement of the crop
toward the cutter bar. The distance "a", Figure lB, indicates the total horizonr
tal distance that the reel bats are in contact with the crop. The vertical contact
with the crop varies with the height of the reel relative to the top of the crop.
The lower the reel is set into the crop, the more vertical contact. The more
contact, vertical and horizontal, there is with the crop, the more shatteri..'1g
there will be. Therefore, a reel index of 1. 50 is the maximum that should be
used to harvest soybeans and the reel set no lower into the crop than .is necessary to control it.
Figure lC and lD illustrate the excessive plant agitation when a reel index
of 1. 50 is exceeded. Horizontal distances "b" Figure lC and "c" Figure !Dare
greater than "a" Figure lB. Plants in the shaded area, (Figure 1D), are likely
to be struck twice before they are cut, through horizontal distance "d". This
will contribute to excessive shattering. Combine numbers 3, 9, and 12, (Table
1), exceed the reel index of 2. 00. The losses were not exceptionally high for
combine number 3 because the reel bats were contacting only the very top of the
crop.
The ideal reel would be one that had no relative horizontal movement as
the bats moved downward into crop. For crop control, it would move vertically
downward to the necessary point of contact, then horizontally toward the cutter
bar at the necessary speed and contact time. Since this is not possible , the
nearest machine to this is the cam action (pickup) reel (Figure 2). The advantages of this reel are: (a) the bat angle doesn't change, (b) the bats are usually
smaller and constr.ucted of iron with rounded edges, (c) the crop is controlled
with tines and (d) with a reel index of 1. 25 the tine tip speed is 1. 9 the ground
speed. The extra speed at the point of maximum horizontal movement helps to
control lodged soybeans, however, the extra speed of the tine tips may increase
shattering. The recommended reel index of 1. 25 - 1. 50 is the same regardless
of which reel is used.
The reels on most of the combines in the field cannot be changed on the go ?
A change in ground speed, warranted by changing field conditions, automatically
changes the reel index. If a maximup1 ground speed can be determined with the
reel index of 1. 25, a reduction in ground speed of -l mile; per hour is the most
the ground speed can be reduced with out the reel index being increased too far
out of range (Table 3).
Cutting Index
In order to control the crop onto the platform, it is necessary to sever the

stems from the ground in such ·a way as to keep the.losses to a minimum •. Some
shattering will 'o ccur when contact is made with the stalks. For optimum cuttmg,
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Table 3.

Reel index relationships with changing ground speed.
Reel Index with Increasing Ground Speed

Ground speed MPH

: :1 . 5 -+- 2.00: :2.00 -+- 2.50::2.50 --.- 3.00::3.00--.- 3 . 50

R.I. Change with
::1.25 -- 0.94::1.25 ~ 1.00::1.25 ~1
incr eased ground speed::l.25

.04::1.25 ~1.07

0.54

Reel Index with Decreasing Ground Speed
Ground Speed MPH

: :1.5--+- 2.00::2.00-4--2 . 50:

:2:5 ~

3.00::3.00 --4-- 3.50

R. I. Change with
::1.67- -1.25::1.56-.-1.25::1.50--1.25:: 1.46-4r-1.25
decreased ground speed::2.92
1.25

:::::::::::::::::::::::::;:) POSSI BLE STALK SL I PPAGE ZONE
.:·:·:-:-:·:·:·:·:·:·:-:·:·:i (B ET WEEN GUARDS
1
FOR ONE CYCLE)

0 . 25
CUTTING INDEX

Fi gure 3.

CUTTING INDEX

Ho rizontal displ acement of leading edge of knife relative to the
grou nd . (Dots indicate maximum stal k displ aceme nt ) .
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the losses sustained should be shattering only and these a minimum. Often the
losses are not only shattering but cutter bar losses as a result of an inadequate
cutting index.
The cutter bar can cause an increase in shatter loss by: (a) direct cutting
of pods located in the cutting zone, (b) compressing two or more stalks together
during the cutting process which threshes out some beans and (c) by stripping
pods from the stalks as the stalk slips along the lmife section prior to being cut.

Additional losses occur when the cu.tting index is low - high ground speed when maximum stalk slippage occurs. The pressures won't allow the stalks to
slip and the stems are snapped off or pulled out of the ground in bunches. In
many instances the reel does not control the bunch and all or part of them drop
to the ground and are lost. This situation will clog the cutter bar, and is especially acute if harvesting is delayed - when stalks are weak, brittle and not well
anchored to the ground.
When the ground speed is changed, the cutting index changes for the sickle
speed remains approximately the same. Figure 3
shows the cutting diagram
for a cutting index of 2. 00 and 0. 25 and guard and lmife spacing of 3 inches.
At high cutting indices (low ground speed)
Figure 3, the maximum
displacement depends on ledger plate (guard) spacing and is generally minor.
At low cutting indices· (high ground speed), the theoretical stalk displacement
may be several inches (Figure 3).
To minimize the losses at the cutter bar, it is recommended that a minimum cutting index of 0. 50 be maintained.
Figure 4 shows the relationship
of cutting index to ground speed. If a cutting index of 0. 50 is maintained, the
maximum ground speed is limited to approximately 3 MPH. Figure 5
shows
the maximum stalk slippage relationship to cutting index at 3, 6, and 12 inches
cutting height.
Maximum slippage occurs when a crop ls cut close to the ground, 3 inches
or less, at high ground speed and low cutting index. A vis ible inspection of a
just harvested field of soybeans will often show the bunches of stalks that have
been missed.
Threshing Index
The threshing index development was a result of a field study of farmer
operated combines in Mississippi during 1969 and 1970. The data collected for
the studies is recorded in Tables 1 and 2. These were studies of the soybean
harvesting process of several different brands of combines "as is, where is . "
Most of the combines used in this area have a spike tooth threshing device. The concaves can be moved (on most) for varying the clearance, but on
many it was not easy. The spikes in the concave are generally offset on two
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rows , although some concaves have a single row. Changing the cylinder speed
usually involves changing sprockets in a roller chain drive system. All the combines in Table 1 and 2 have the spike tooth threshing cylinder.
The cylinder spike bars varied from 8 to 10 and the spike spacing 2" or 3"
o. c. On some makes of combines a cylinder spike removal pattern is outlined
in the operator's manual. The cylinder width vari ed fr om 30 to 50 inches. The
spike length varied from 2 inches to 2. 5 inches, with an average of about 2. 25
inches. Most combines were cutting four 36 to 40 inch o. c. rows. The approximate yields ranged from 20 and 45 bushels per acre . mostly 20 to 30:.
Obviously kernel damage is more important to the seed grower than the
commercial producer. Thew;hole indust r y, however, is affe cted. If an average
cost of $4. 00 per bushel is used for seed beans, the resultant investment is $172
and $9.2 million for the United States and Mississippi, r espectively. The kernel
damage vari ed from 0. 9 to 16 . 5% -and from 2. 6 to 22. 5% for the 1969 and 1970
study, respectively (Table 1 and 2). The damage definition for samples of
Table 1 and 2 is all splits, cracked or split see d coats or otherwise mechanically damaged upon_visible inspection. There may be latent damage that is detrimental to seed quality that cannot be detected by visible inspection or separation.
This could mean a loss in viability after processing, during storage
and before planting.
Examination of the data on the c ombmes in Tabl e 1 and 2 reveals there is
a wide variation in the factors (variable s) that affect the threshing process . The
concave (spike tip cl earance) varied from ~to 3 inches, the ground speed varied
from 1. 6 to 4. 0 MPH, the moisture varied from 10.66 to 16. 2% and the cylinder
speed varied from 440 to 970 RPM (2534 to 5760 F. P . M. peripheral).
There were great differences in construction of the cylinders on the various makes and models of combines (Tables 1 and 2) performing essentially
the same task. Due to these differences a de scription other than revolutions per
minute or feet per minute peripheral speed is needed in order to study the relative contribution each particula r cylinder was making to t he threshing process.
In order to have a standard on which all spike tooth cylinders in all operating s ituations could be studied with equal weight , and possibly establish recomm ended operational l imits the THRESHING INDEX was formed. The threshing
index is a way of describing the flail chara cteristics of a spike tooth threshing
cylinder.

The whole matter of threshing evolves around the question of how much
stalk a gitation is neces sary in a given situation that will make the stalks give up
t he seed (Figure 6) with minimum kernel damage.
Specifically, the question is 9 how many times are the combines of Table 1
and 2 or any spike tooth cylinder, str i king the stalks in one foot of row (Figure
6) ? The threshing index defines this . It is de rived by adding the lengths of all
the rotating surfaces on the cylinder that contribute to the tlu·ashing effort. This
is the flail of the cylinder. The flail, in feet, 1s combjned with the cylinder speed
to determine the total flail rate in feet per second.

9
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Figure 6.

--1 1--- --1
1 FOOT

Threshing index schematic illustration (feet flail per foot of row).
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The cylinder speed, as well as the speed of other components of the combine, theoretically remain constant in field operating situations. In order to
describe the threshing effort - threshing index - for any ground speed and the
change in threshing effort with a change in ground speed, the flail rate, in feet
per second, is divided by the ground speed, in feet per second, and is given by
the equation,
Threshing Index

= Total flail rate (feet per second).
Ground speed (feet per second)

If the 1 foot of row is s truck one time with the one foot club there is a threshing

index of!.· (Figure 6)
The combines of Table 1 and 2 were operating with threshing indexes of
91 - 265. The highest T. I. (265) is nearly 3 times the lowest (91) . Combines
1, 3, and 5 (Tabl e 1) have threshing indexes 94, 155 and 134 with kernel damage
of 0. 9, 1.1 and 1. 3, r espectively . This indicates that a threshing index of 2535 per row (100-1 40 for 4 rows) is adequate to thr esh soybeans with little or no
cylinder loss - no unthreshed pods l eaving the combine attached to the straw.
The recommended threshing index r ange of 25- 35 per row is set ~P in
table form (Table 4) as an example for ground speeds of 1. 50 - 3. 50 MPH and
cylinder speeds of 400-700 RPM. This particular combine has a spike removal
pattern outlined in the operator's manual and is tabulated under "a" for operation with 11 spikes per cylinder bar. The tabulation under "b" is operation with
20 spike teeth per cylinder bar. Note from the table that when gr ound speed
changes there is an opposite effect in threshmg index. That is, when ground speed
increases threshing index decreases and vice versa. Furthermore, the rate of
change of the threshing index is not the same with each ! MPH change in ground
speed from 1. 50 - 3. 50 MPH. (Table 4 and Figure 7 and 8). A reduction in
ground speed of k MPH from 3. 00 and 2. 00 MPH changes the threshing index
40 and 17, r espectively, for high level threshing at 700 RPM . For l ow level
threshing at 400 RPM the change in threshing index is 7 and 18, respectively,for
3. 00 to 2. 75 and 2. 00 to 1. 75 MPH. The curves in Figure 7 shows that there is
not a straight l ine relationship between thr eshing index and ground speed.
F igure 8 shows the type relationship there is between cylinder speed and ground
speed.
Each combine with a spike tooth threshing cylinder should have a table,
similar to Table 4, to use as a guide for adjusting the combine to thresh soybeans .
There are enough similarities among combines that ther e are cases where more
than one make and/or model can use the same table.
The factors (variables) other than threshing index, considered and s tudied,
that affect the threshing and kernel damage (Table 1 and 2)are spike tip (concave) cl earance and kernel moisture. The analysis of the study indicates that
spike tip clearance has more affect on the kernel damage than e ither kernel
moisture or threshing index. Furthermore, there is an interaction between
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Table 4.

Table for adjusting spike tooth type threshing cylinders on
combines to harvest soybeans. (Example)
COMBINE IDENTIFICATION

1.

Threshing cylinder width - 42"

2.

Number of cylinder bars - 10

Ground Speed MPH
Ground Speed FPS
No. of 3 ft. steps in :
1 min.
1/2 min .*
a.

450
@ 500
@ 550
@ 600
@ 650
@ 100

II
II
II
II

It
II

1. 75

2.57

2.00
2.93

2.25
3. 30

2.50
3.67

2.75
4.03

3. 00
4.40

3.25
4.77

3.50
5 .13

44
22

51
26

59
29

66
33

73
37

81
41

88
44

95
48

103
52

78
88
97
107
117
126
136

73
81
90
100
108
117
127

-

CYLINDE~

***--1

113
102 I 92
190
162 : 142 1126
114
104 l
210
180 -1s811140
126
11s
2 33 i_l99 175 155-, l140 127
253
2i6l 190 169 u1s2; 1138
273
234 L 205
182
164 ~ 1491
296
253 -2 221 197
177
162 :
i
I

BAR
85
95
105
116
126
1137
148

l

I

T. I,** FOR 10 BARS W/20 SPIKE TEETH PER CYLINDER BAR

@ 400 RPM Cy1. Spd.
@

1.50
2. 20

****"i
I ***
169 L_liS_, 127

I

"'"'"'"' -l

b.

Numb er of 2 1/4" long spike
teeth per cylinder bar
a. 10 bars w/11 spikes each
b. 10 bars w/20 spikes each

T. I.** FOR 10 BARS W/11 SPIKE TEETH PER

400 RPM Cyl. Spd.
11
@ 450 . II
II
1
@ 500 fr
II
II
L
@ 550 II
II
II
@ 600 II
II
II
@ 650 II
II
II
@ 700 II
II
II
@

3.

II
II
II
II
II
II

~"'"'"'* "'***~L

"'"'"'1

T"'**

221 l 189
166
147
132
120
110
102 ~
247 ~j_lf. 186 - 16S1148 ll'P5
124
114
106
274
2361..205
182 -164- f4~1l,·v;
126
117
303
260
228 "l,_202 182 166 i52..., 1140 130
330
282
247
22oi 198
180
165 LI511llu
356
305
267
237 -213"1 194
178
164 '""lJjl
386
330
290
257
231 : 210
193
178
1651

--------------------------------------------~i--_________________ 1
Reel RPM @ Ind,
Gnd , Spd, (42 11 dia.)

*

••
•••
••••

15

18

20

Di1crepanciea are due to r ounding.
T.I. is Threshing Index.
Pour row• with 25-35 T.I. per r ow.
Six rows with 25-35 T. I. per r ow.
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25

27

30

32

35
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l
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300
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280
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$

220

200

z"'

\

\'

,

"
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~

e
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~
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~
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11
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Figure 7.

FOR

LEVEL) -II SPIKE

&

~ "''\.

0

160

L.L. (LOW

:\\ <"\" ""'""" ~"'

180
Q

\

\\ 8~ \ 8\

24 0

)(

0

T.l. RANGE EXTENSION
8
40-60 l1'Ac YIELD

THRESHING LEVELS
H .L.(HIGH LEVEL) -20 SPIKE TEETH
PER BAR

260
G

T.l. RANGE FOR
20-40 BUfAc YIELDS
(25-35 T.l. PER ROW FOR 4 ROWS EQUIV.)

-

700 RPM H.L.

0 -400 RPM L.L.

3.5

Threshing index to ground speed relationships of the combine adjustment
data in Table 4.
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700
600

0HIGHEST T.l. IN STUDIES -T.I.=265
-G .S.= 1.6 MPH
LOWEST T.l. IN STUD IES -T.I.= 91
-GS.= 3.6 MPH
BU/
(:::::::::::::::::! -RECO MMENDED T.l. RANGE FOR 20-40
lAC
YIELDS (25-35 T. l. PER ROW FOR 4 ROWS OR
EQUIV. )
~-T.I. RANGE EXTENSION FOR 40-60 8o/AC YIEL05

ffi

500
400

+
THRESHING

LEVELS

H.L. (HIGH LEVELS)-20 SPIKE TEETH
PER BAR
L .L . (LOW LEVELS)-11 SPIKE TEETH
PER BAR

250

L.L .

-

~'
-

THE

H.L.

400 RPM

L.L.

0

)(

Q
"'
z

400 RPM

EQUATIONS OF THE THRESH ING INDEX LINES
FORM y=axb
OR
T.l.=a(G.S)b

SLOPE FROM GRAPH
SLOPE= """o/1

CALCULATED
700 RPM H.L.@ 2.5 MPH

=-3~3

THE

SLOPE

400RPM LL. Cl> 2.5 MPH
y= ax b

-b

T. l." a (G. S.)

SLOPE =- 1

231" 585/
b
2 .5

b =-1.01
1.5

HAVE

2.5

3

T. l. = a ( G.s.)b
102 = 25o;2.5 b

b =- .98

3.5

GROUND SPEED- MPH

Figure 8.

The threshing index to ground speed relationships of the combine
adjustment data in Table 4, Log x Log plot.
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spike tip clearance and kernel moisture. The means that the affect of adjustments in spike tip clearance on the threshing effort and kernel damage is not
the same for all levels of kernel moisture in the studies. One would suspect,
through reason, that a -i'' adjustment in spike tip cle• r.~..mce would have more
effect on the threshing effort and kernel damage at J 2% than at 16% kernel moisture. (This is analogous to Figure 7 and 8 where a ! MPH reduction in ground
speed from 2. 00 and 3. 00 MPH does not have the same effect on threshing index
at any cylinder RPM and level of threshing. )
The spike tooth cylinder is a very good threshing device for threshing soybeans. If properly set and operated, it is capable of delivering threshed soybeans in the grain tank with l ess than 1% damage - highly desired for maintenance of seed quality - and with a nil cylinder loss . It is sensitive to adjustments in spike tip cl earance and kernel moisture. Therefore, constant inspection of the condition of the soybeans entering the grain tank is of utmost importance .
fu order to properly adjust the spike tooth threshing cylinder on the combine to thresh soybeans ,a ground speed operational r ange must be chosen. The
recommended threshing index range limits, for the chosen ground speed range,
will automatically determine the cylinder speed for any combine (Table 4).
It should be recognized that once the combine is set, operation within the recommended ranges of ground speed and threshing index may not a lways be possible.
fu these cases spike tip clearance can be very effective in influencing the severi ty, more or less, of the threshing effort. This may compensate for operation out of the recommended threshing index range . A check - in the grain tank
for damage , and behind the combine for unthreshed pods still attached to the
straw - will determine which way the clearance should be adjusted. fu any
operating s i tuation beginning with a spike tip clearance of 1! inches is a gopd
starting point. Any change from this setting should be based on kernel damage
in the grain tank (wh ere more than 1-! inches cl earance is needed) or unthreshed
pods on the straw going through the combine ~where less than 1-! inches clearance is needed), that is, adjust to the situat ion as needed.

A situation in which the points of the foregoing discussion might be applicable is one where unexplained soybean seed quality was lost after processing
and during storage. A situation could be produced where soybeans are over
threshed dur ing harvesting - most combines were over threshing - Table 1 and
2 -and the kernel and straw moisture is such that it prevents the abuse fl:om
showing in the form of splits or cracked seed coats. There co.uld be damage
but not evident. There is evidence
that where abuse is severe, though not
visable , the latent damage may be 4 to 8 times the visible · damage . Therefore,
the reduction in seed quality while in storage m ay have been caused by over
threshing in the harvesting process.
Harvesting Schedule
When to harvest soybeans is a "tight rope" question whose answer is
weighed in the balance of weather, rate ot harvesting, artificial drying rate ,
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storage capacity, handling facility rate, and processing rate. All of these do
not enter the question of when to harvest in every situation.
Soybeans are mature when they are first at 13% kernel moisture. One
shouldnotwait, however, for the 13% field level if a large acreage is involved,
the harvesting rate is low and/ or the crop is a late season variety.
Combines do not work well above 15% kernel moisture. If the harvesting
is done above 15%, the increase in the severity of the threshing effort, to provide good threshing , can also cause kernel damage. The greatest damage may
not be in the form of splits or cracked seed coats but be latent damage that
shows up during storage. This situation is aided by the softness , due to high
moisture , of the beans providing a resilient surface that prevents crackage.
Therefore, there is no immediate evidence that damage is occurring.
There are many instances in which the weather determines when to harvest
soybeans. If this decision is left to the grower , however, a maximum kernel
moisture of 15% should not be exceeded and only at this level if an artificial
dryer is available, of adequate design, to preserve the maximum quality.
An adequately designed dryer is one that has the capacity to dry and handle
the soybeans according to a previously prescribed manner; thus, preserving the
seed quality and allowing the harvest rate to proceed at the maximum.
As the harvest season progresses, normally, the soybeans contin.ue to dry .
It is not unusual to have soybean fields dry to below 11% kernel moisture.
(Table 1 and 2). Excessive crackage may occur at the l.:>w levels of kernel
moisture if adjustments in the threshing unit are not made according to the previous discussion . Therefore, an attempt should be made to harvest soybeans
seed at a kernel moisture of 12% or above.
Summary
Results from the studies of 1969 soybean harvesting reveals that there is
widespread misuse of the reel in the harvesting process. Only 5 of 11 combines
were operating in or near the recommended reel index range of 1. 25-1 . 50. Three
were operating with too high and three with too low a reel index. In e ither case,
where the reel is used in attempts to control the crop, the loss from shattering
will be greater than it should be.
Excessive stal k slippage will occur where the combine ground speed exceeds 3. 0 MPH. All of the losses sustained, where the ground speed is above
3. 0 MPH, is not a result of stalk slippage. Some of the cause is attributed to
the high acceleration of the soybean stal ks from a still position due to the high
ground speeds. This action is very much like a pecan tree shaker used to cause
a tree to release the nuts.
Threshing index is a new concept of spike tooth threshing cylinder adjustment based on the construction of the cyl inder related to the intake rate. Al-
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though adjustment for a specific threshing task must use spike tip c learance as
an aid in varying the severity of the threshing effort to fit the field situation.
Use of the threshing index could be a definite aid in preserving the highest
potential quality of soybean seed crops.
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HARVESTING, HANDLING AND STORAGE OF
SOYBEAN SEED 1./
James C.

Delouche~/

The great expansion in acreage planted to soybeans in the U.S. since the
middle 1950's and the decreasing p ercentage of farmers who "save" planting
seed provided an almost unparalleled opportunity for development of a substantial commercial seed industry of a self pollinated crop. A sizeable and widespread soybean seed industry is rapidly developing in response to this challenge
and opportunity. The enactment of the Plant Variety Protection Act at the end ;
of 1970 will undoubtably further stimulate the development of a commercial soybean seed industry.
Throughout the period of rapid growth of th e soybean seed industry, major
concern and effort has been necessarily focussed on expanding operational capacity of production and processing operations to keep abreast of increasing demand for seed. Established seed operations were modified to handle soybean
seed, many new facilities were constructed - and in many cases are already inadequate, and even more modern, higher capacity facilities are presently under
construction or in the planning stage. Attention, therefore, has been largely
directed toward establishing the physical base of the soybean seed industry.
The over-riding and necessary preoccupation with quantity and capacity bushels of seed bagged per year - has unfortunately mitigated against any significant advance in quality of seed bagged and marketed (exclusive of variety).
The general quality of soybean seed marketed has not - in my experience - significantly improved in the past 15 years. The general quality of soybean seed
in the market is still only moderately good.
Moderately good quality soybean s eed are not now satisfying the expectations of the clientele of the industry. Farmers are increasingly aware of the
importance of high quality seed for the economically successful production of
soybeans as well as other crops. This gap between actual quality of seed offered
in the trade and expectation of soybean growers will increase unless some of the
quality problems in soybean seed production, harvest, processing and storage
a re resolved to some degree.

1/ Paper based on the talk presented by the author during the 1971 meeting of the Southern Seedsmen 's Association held in Dallas, Texas, which also appears in the proceedings of that meeting.
~/ Director of the Seed Technology Laboratory, Mississippi State Univ ersity, State College , Mississippi.
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Soybean seed quality problems stem from several sources: (1) inexperi ence
of many of the new producers and companies that have entered the trade; (2)
compromise between quantity and quality which has been understandably tipped
in favor of quantity in the face of very strong demand; (3) the demand of soybean
growers for highe r quality seed as indicated above; (4) weed seed contaminations
that have only surfaced in the past 8-10 years, and (5) the morphology and physiology of the soybean seed which makes it especially susceptible to mechanical
damage, and deterioration in field or bin. Thus, knowledge and experi ence are
the keys for improving soybean seed quality.
Two factors contribute to most soybean seed quality problems: mechanical damage and deterioration resulting from weathering before harvest and high
seed moisture contents during bulk storage.
Harvesting
Harvesting is, perhaps, the most critical step in the over-all soybean seed
production - processing operation. The timing of harvest is important because
any delay in harvest after the seed are ready for harvest increases the possibility that the process of deterioration will be initiated in the field as a result of
adverse climatic conditions (prolonged rain, high humidity and temperature) .
The data presented in Table 1 well illustrates the detrimental effect of weathering on germinability of soybean seed.
T able 1. Effect of time of harvest (weathering) on germinability of Bragg soybean seed.
Date of Harvest
10/9
10/ 16
10/26
11/4
11/24
12/6
12/ 18

Moisture
Content*
19
20
18
14
14
14
13

Germination
(%)

93
93
85

83
80
70
48

*Seed hand harvested and threshed in Fall, 1970.
Bragg soybeans are usually ready for harvest the l ast week in October,
but in the year (1970) that the data in Table 1 were taken, prolonged rains delayed harvest until mid-November. By this time germination of hand harvested
beans had declined to about 80%. Seed from the same pl ots combine harvested
on November 14 germinated only 72%, probably, as a consequence of additional
damage during combining.
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''Weathering" not only decreases germination and vigor as a result of deterioration in the field, but also increases the susceptibility of the seed to mechanical damage. The following data from Iowa State University substantiates
this statement (Table 2).
Table 2. Effect of combine cylinder speed and date of harvest on percentage of
splits in harvested soybeans.
% Splits
Date of
Moisture
Combine Cylinder Speed (rpm)
Harvest
500
700
900
%
9/12
12.0
3
3
15
9/14
10. 5
13
19
30
9/16
8.7
11
21
41
10.1
21
10/20
50
50

(Adapted from Iowa Certified News)
The data in Table 2 shows that the % of splits increased as cylinder speed
increased, seed moisture content decreased below 12%, and time of harvest was
delayed beyond September 12.
Research and experience has demonstrated that the optimum harvest date
for soybean seed is just as soon as possible after the seed drop to 13-14% in
moisture content. The adverse effect of weathering is minimized and the seed
are l ess susceptible to mechanical damage at 13-14% moisture than they are at
moisture contents above or below this l evel (Table 3).
Table 3. Rel ation of seed moisture content and force of impact (height of drop)
to loss of germinability of soybean seed dropped onto a hard sur face.
Seed Moisture
Content(%)
8
10
12
14

0
98
98
98
98

Height of Drop (ft. )
5
10
10(2X)*
% Germination
88
78
65
90
82
73
97
94
88
97
97
96

20
70
73
87
97

*Seed dropped twice from height of 10 ft.
Mechanical damage during harvesting, handling and processing not only
causes "splitting" of the seed, but also cracking of the seed coat and embryo.
The latter is, perhaps, more important in terms of germination because splits
can be separated out of the seed lot by processing while cracked seed cannot.
We have visually separated cracked soybean s eed from many seed lots and
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found that on the average only 50% of the cracked seed will produce a normal
seedling in a germination test. Thus, if a l ot contains 18% cracked seed after
cleaning, then germination will be down 9% directly as a result of mechanical
damage.
The soybean seed producer must be ever mindful that the seed are easily
damaged and that the most severe damage is inflicted during harvest. General
recommendations for minimizing damage during harvest are given below:
(1) Harvest just as soon after seed drop to 13-14% moisture as possible.
(2) Combine at uniform ground speed.
(3) Adjust cyl inder speed so that complete threshing is achieved- but not
higher.
(4) Adjust cylinder speed slightly higher in morning when beans are more
difficult to thresh because of dew and lower during the afternoon when
the beans dry and thresh more easily.
(5) Avoid use of augers in loading bulk storage bins.
(6) Practice good weed control so that threshing efficiency is maximal.
Bulk Storage
Soybean seed harvested at 13% moisture or above should be aerated in
bulk storage to remove field heat, prevent moisture migration in bins, and to
dry the seed down to below 13%. If the seed are between 13 and 14% moisture,
the fans should only be operated during good drying days and not at night or during humid, rainy weathero However, if the seed are 14 to 16% in moisture, the
fan s should probably be operated continuously to prevent heating until such time
as moisture content decreases to below 14%. Drying temperature should not
exceed 100° F and the fan should be capable of delivering a minimum of 3-4 cfm
of air through the seed mass.
After the seed have decreased in moisture content to 13% or less they
should be periodically aerated (during good drying days) until processing to prevent moisture migration and stratification in the bins and to cool the seed to
ambient temperature.
A lot of damage is caused by loading bulk bins with augers or simil ar types
of conveyors. As suggested above, these should not be used. Short augers
however, are satisfactory for unloading provided they are in good condition.
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Processing
· Soybean seed are not difficult to clean andprocess. Mos t cleaning
"troubles" can be traced to attempts to "squeeze" too much capacity from the
air-screen cleaner. Generally, cleaning with an air-screen cleaner at a reasonable rate (capacity) is sati~·factory. In recent years, many soybean seed processors have installed spiral separators to remove moonflower seed (weed contaminant), shriveled seed, misshapened seed, soil particles, and the few splits
or badly broken seed remaining after basic cleaning. Use of the spiral not
only separates some weed seed that cannot be removed with the air screen
cleaner but also greatly improves the appearance of the seed, thus, enhancing
their market appeal.
Storage
Compared to other kinds of seed, soybean seed do not store very well• .
Seedsmen generally recognize this, so very few attempt to "carryover" seed
from one selling season to the next. However, for the usual storage period
from harvest to marketing (6-7 months) few problems should be encountered
provided good bulk storage conditions are maintained as discussed above, and
the quality of harvested seed was good.
The general recommendation for storage of soybean seed from harvest
to marketing in the spring can be summarized as follows:
(1) Take proper precautions during harvest so that good, quality soybean
seed are loaded into bulk storage.
(2) Load bulk storage bins with types of conveyors that cause only a
minimum amount of damage.
(3) Reduce moisture content of seed in bulk storage to below 13% as soon
as possible and maintain favorable environment in bulk storage up to
processing as previously discussed.
(4) Package seed at moisture content of 13% or less.
(5) Place bagged seed in clean, ventilated, non-heated storage until distribution.
(6) Insure that storage at distribution points (retail outlets) is equally
good.
Although we do not generally recommend carry-over storage of soybean
seed (18-19 months), they can be "carried over" satisfactorily provided the lots
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for carryover are carefully selected and conditioned stor age over the warm
spring, summer, and early fall months is available.
The seedsmen should deci de on how much seed he needs to carryover before June 1. He should then sel ect the highest quality seed lots in his inventory
for carryover. These should then be placed in storage conditioned to not higher
than 65° F and 50% relative humidity by June 15, and should be retained under
these conditions until ambient temperature drops below 650F the following fall.
Summary
Considerable improvement in the quality of soybean seed offered in the
trade to farmers is possible. Since harvesting is the most critical step in soybean seed production-processing, major effort in improving seed quali ty must
be concentrated in this area. The seed should be carefully harvested as soon
as possible after they drop to 13- 14% in moisture, and placed in properly aerated bulk storage. Favorable conditions must be maintained in bulk storage
up until the time the seed are processed. After processing the bagged seed
should be stored in clean, non-heated warehouses until marketing. Soybean
seed can be successfully "carried-over" only if the seed enter conditoned storage before the middle of J une.
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SEED DRYING AND CONDITIONING

1/

Kenneth Matthes -I
Kyle W. Rushing !

This morning we are concerned with the topic "Seed Drying and Ctmditioning. " Dr. Matthes and I will be discussing this topic in its relationship to
those seed which will be used for p lanting purposes only. I emphasize this
because we often overlook our main objectives when we try to dry large volumes
of seeds through inadequately designed drying facilities. We should design and
operate our systems in a manner that seed quality can be preserved.
As we return to the basic concepts and practices used in seed drying
and conditioning, we find that certain principles remain relatively constant,
but the needs of our farmers and processors have to change as competition and
increased production and production handling demand it. So let us first turn
our attention to the basic principles of seed drying as they ~ are related in all
drying systems--no matter how simple or highly sophisticated the syste1]1 may
be.
I will cover the following points:
I. Why is it necessary to dry and pre- condition seed for storage?
II. What does "Seed" drying involve?
a. The Seed (chemically and physically)
b. The Air (temperature and rel ative humidity)
Dr. Matthes will discuss (1) fundamentals of drying, (2) designing for
drying and (3) operational management of drying .
When we investigate the reasons for harvesting crops at high moisture
l evels , we find that the list is extremely long. Keeping in mind our objective,
to maintain high quality seed, we need to have a better understanding of the
physiological events occurring within the seed at maturity. When a seed
matures on a plant, the moisture content is in the range of 25-35%, depending
......
on the crop. At this point the seed is physiologically mature. It is at this time
?l~Y . ~r~ps are ~~veste4 and then dried so that the quality can be preserved.
However, some crops cannot be harvested because of the mechanical problems
involved. When the crop is permitted to remain in the field for an excessive ·

1/

-Associate Professor, Agricultural & Biological Engineering Dept.,
Mississippi State University.

2/

- Research Associate & Manager, Mississippi Foundation Seed Stocks,
Mississippi State University.
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Participants 1n the Seed Drying-Storage Workshop. The workshop was held on
successive days durlngthe Short Course.
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period, several events may occur to drastically lower the quality and
may result in partial or total seed crop failure. In Tabl e I , we have listed
some of the effects of extended field exposures.

TABLE I • Effects of Extended Pre- harvest Field Exposure
After Physiological Maturity.
A. Yield l osses of 10- 20% or more may occur
B. Loss in vigor and viability
1. Higli rates 'o f-respiration
2. Decrease in maximum dry weigh~
a . Test weight drop of 1 pound per bushel can
occur every 4 days after wheat reaches 24%
moisture and declines in field
C. Increase in ·diseases
D. Increase in storage insect infestations
E . Total Loss
1. High winds and beating rains
2. Excessive lodging
3. Shattering

Immediately after harvest, the farmer and seed processor are confronted with the probl ems in handling a product which is too high in moisture
for safe storage. As indicated in Table II, if the moisture content is too
high, seed deterioration can be quite rapid.

TABLE II. Effect of Moisture Content on Seeds During Storage.

Moisture Content

Deterioration Effects that Can
Occur During Storage

35-60%

Germination begins

16%

Heating begins, due to increased
rate of respiration and microorganism activity

~

l

12- 14%

Mold growth may begin

8%

Insect activity begins

t

As mentioned in an earlier presentation, a given seed type may vary
greatly from another type both chemically and physically. All seeds are
living and as hygroscopic organic materials, they are characterized by a very
complex and heterogeneous structure with water as a fundamental and ubiqlli-
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tous part of this structure. Internally the water content may vary greatly
from one region to another region where the chemical constituents are different.
Table ill illustrates how seedlfrom different crops may vary in their chemical
composition. In addit ion, when we consider the many kinds of organ structure occurring in seeds , we find that moisture transfer ln the drying process
may vary between seed kinds . The. physical properties of size, shape, and
accessory parts also influence the rate that drying may occur.
"Drying," as we have referred to it, actually involves more than the
mere removal of external·and internal moisture or volatiie constituents. The
process used must conform to the physical and often the chemical characteristics of the given type seed. As an example, at 63 percent relative humidity
the water absorption varies directly with the carbohydrate content. At 90 percent relative humidity, the relationship is reversed.

TABLE ill. Chemical Composition of t.l}e Five Crop Seeds.

Name of Crop

Crude
Fat%

Protein
%

Crude
Fiber%

Austrian W. P.
Corn
Cotton
Rape
Soybean

0.98
4.29
21.17
49.47
19.70

22.31
8.00
26. 25
16. 81
37.94

6. 34
2.35
15.21
7. 71
5. 74

Carboh,y:drates
Nitrogen
Free ext.%
57.61
73. 73
25.81
17.84
24.50

Ash%
2.62
1.24
3.78
3.77
5.13

Since we have briefly covered the properties of the seed, we will turn
our attention to the properties of the drying agent , which is air. Air bas the
capacity of holding water in a gaseous form and this capacity is proportional
to the temperature. Thus, as we raise the temperature of air we raise its
capacity for holding moist ure. The relative h!l!!l.idity is defined as the ratio of
the actual quantity of moisture in the air compared to what it can hold at saturation at the same temperature. Thus, as we increase the temperature of the air
we decrease the relative humidity since we increase the capacity to hold moisture at saturation without changing the actual moisture content. Since seed are
hygroscopic, the moisture content of the s eed is influenced by the relative
humidity and te mperature of the a!r . The occurrence of this relationship is
based on the phenomena j.nvolving
vapor pressure. Whenever a liquid changes
to a gaseous form the volume of that liquid will expand. Inside the seed, the
tendency to further expand increases in intensity as the temperature increases
and sets up a definite, uniform pressure upon the cellular walls of the seed.
Whenever the vapor pressure within the seed is greater than that of the surrounding atmosphere, molecular action will be such that vapor will move from
the seed. If the vapor pressure are reversed, the movement of vapor will
also reverse an.d moisture will move into the seed. When the vapor pressures
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are equal there is no movement of vapor in either direction and at this point the
moisture content of the seed is in a state of equilibrium with the surrounding
atmosphere. When a seed is exposed to a constant temperature but different
relative humidities the equilibrium moisture content of the seed will adjust
itself to the relative humidity because of the differences in vapor pressures
existing between· the seed and the surrounding atmosphere as indicated in Figure
1.

Fundamentals of Drying
When drying takes place from seeds there is a transformation from
liquid moisture absorbed hygroscopically in the seed to water vapor in the
surrounding air, thus, evaporation of moisture takes place during drying.
From our study of Physics we remember that in order to evaporate moisture
it takes heat. Specifically it takes 970 BTU's of heat energy to evaporate one
pound of water. The same phenomena take place in evaporating moisture in
seed; however, it takes some additional energy to remove a pound of moisture
from seed because it is more tightly bound due to absorption in the seed. It
takes approximately 1100 BTU's of heat energy to remove one pound of moisture from seed.
The drying air basically has two functions: (1) To provide heat in order
to evaporate moisture. -heat transfer from the air to the water vapor is
evidenced by a drop in the temperature from the entering air to that of the
exhausting air from a moist seedbed; (2) To provide a medium in which the
vapor surrounding the seed can be removed and allow more moisture to be evaporated from the seed. This is evident from the fact that the exhaust air has a
higher relative humidity than the incoming air. This increase in the moisture
in the air comes from the seeds.
The rate at which a seed dries is a function of how fast the moisture
evaporates from the surface of the seed which depends upon the relative humidity
and the temperature of the drying air, and the rate at which moisture moves
from the inside of the seed to the surface of the seed as related to the ·
permeability of the seed to the moisture movement. For most seed drying an.
air flow greater than 10 CFM/Bu will not result in increased drying because
the limiting factor is not the air flow but the rate at which the moisture moves
from inside of the seed to the surface of the seed. In some cases the permeability of the seed to moisture movement is low. Rice seed is very impermeable
to moisture movement. This is evident from the fact that in most cases rice
must be dried slowly and in some cases , particularly when a tower drier is
used, the rice is run for one pass and is allowed to go through an equilibrium
period called a "sweating" period for 12 hours to allow the moisture from the
interior to equilibrate with that of the surface. In these cases if the drying is
speeded up by increasing the temperature sufficiently high to increase moisture
movement from the surface, a stress is set up due to a difference of moisture
within the seed and mechanical checking or cracking takes place, which is detrimental to the viability of the seed.
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The psychrometric chart is a very helpful ~evice in determining the
various effects on air as it goes through a drying cycle. We notice (Figure 1)
that point 1 is the ambient conditions of the air which we are assuming to be
85° dry bulb temperature, and 80% relative humidity. The air is passed through
the heater with a constant absolute humidity of 149 grains of moistur e per pound
of dry air. The heating increases the air temperature to 11 0°F, the relative
humidity has decreased to approximately 38% at point 2. The air enters the
seed and drying takes place adiabatically, which means there is a heat energy
balance as the drying air goes through the seed. In othe r words , the heat is
removed from the air in the form of lowering the temperature of the air and this
heat goes into evaporating the moisture from the seed and the air exhausts with
the same heat content at a lower temperature but at a higher moisture content
with increased heat tied up as heat of the vaporization. Thus, we have adiabatic drying which moves along a constant wet bulb temperature line and constant
enthalpy as shown on the psychrometric chart. Assuming at point 3 that the
exhaust air leaves the seed at 90°F, the relative humidity has increased to
approximately 86%. Thus, we can see the moisture content of the air is raised
from 149 grains of moisture per pound of dry air to approximately 190 grains of
moisture per pound of dry and this moisture comes from the seed.
Design of a Drying Facility
The objectives of designing a drying facility can be stated as follows:
1.

Having adequate drying capacity equal to the harvesting rate or the
rate at which seeds will be received by the plant.

2. Having a fan of sufficient size to deliver a minimum drying air flow
of ten CFM per bushel.
3. Having efficient heating capacity to raise the air temperature to 110°F.
4. Having adequate control to maintain the air at 110°F or less .
Normally roost seed drying will take place in a bin type drier with an
axial fan having backward curve blades and a heater using natural, butane, or
propane gas . For unusually high capacity seed plants, it may be advisable to use
a tower type drier. However, in most cases, the minimum capacity tower drier
is so large that it is not feasible to use for seed drying.
Number and size of bin dryers needed in a drying facility are•dependent
upon the seasonal capacity of the plant and the number of varieties or. diffex:ent
seeds processed in a season. Thus, the more varieties you process, the smaller and the more bins you need to prevent mechanical mixing. It should be
pointed out that the bins can double for storage after the drying has been completed. In preliminary design, it should be decided how many bins of what size
are needed in order to store the variety of seeds which you obtain in the plant
for a season. Once this is decided, the problem is to match the drying with the
storage needs. Thus, you would start off with a particular size bin with a certain diameter, then design for your drying. The minimum requirement for good
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Figure 2. An example of the drying cycle of air in a deep seed
bed using a psychrometric chart.
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drying is an air flow of 10 CFM per bushel of seed in your drier and a maximum
temperature of 110 degrees Fahrenheit.
The first step is to determine what size fan is required for drying. In
order to purchase a fan, we must specify total air flow in CFM the fan can
deliver against a given static pressure caused by the resistance of the seed to
the air flow. Most seed drying fans are designed to act more efficiently against
static pressures less than ai inches of water. When static pressure exceeds
this amount, the volume which the fans can deliver will drop sharply. Therefore, it is a good idea not to exceed a! inches static pressure in the plenum
chamber. The static pressure is caused by the resistance of the seeds to the
air flow. Thus, as we increase the air flow, we increase the static pressure.
As we increase the depth of seed, we must increase the air flow to maintain
10 CFM per bushel air flow and this results in an increaserof the static pressure. Thus, there is a maximum depth at which we can dry seed obtaining the
minimum air flow of 10 CFM/bushel with less than ai inches static pressure.
It is recommended for seed drying design that the following depths be used

in determining the total capacity of the drying bins:
Ear corn
Soybeans, shell corn
Rice, wheat, sorghum
Clover, alfalfa, lespedeza

9 ft.
4 ft.
a ft.
1-!ft.

Please keep in mind that these depths are used in designing a seed
drying facility. In some cases, we can exceed these depths for drying. However., as a safety factor., H we made a conservative estimate on how much
space we have, we will not underdesign our drying facilities . It is only necessary to determine our total volume in a bin for the seed we are using and multiply this volume by 10 and this gives the total air flow of the fan required for that
bin and then select a fan which will deliver this air flow against the a! inch static
pressure.
The next component of our seed dryer equipment is the heater. A r a ther
simple equation for determining your heater capacity is to take the total air flow
which you have just determined and multiply it by the maximum temperature rise
to heat the ambient air to 110°F. In other words, suppose for some drying conditions the air may go down to 60°F; then it is only necessary to multiply your
total air flow by 50 and this will give you the approximate heater capacity required in BTU's pe:r hour. Heater capacities are normally changed easily by
changing a nozzle ·with a different size orifice. It is very difficult to obtain a
closer control than 100,000 BTU's/ hour where one size orifice might give you
250,000 BTU's/hour and the next size orifice might give you 350,000 BTU' s!
hour. Thus, accuracy in this estimation is not extremely critical.
In determining your total drying capacity, it is necessary to estimate
how long it would take a batch of seed to dry in the bin. An equation for estimating the time in hours for drying seed in a deep bed is as follows:
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D!'y Time (Hr)

= 2.100 x

Mcist~re to be removed (lbs/bu)
CFM/bu x Temp. Drop Th r u Seed (° F)

It i s necessa.-y to estimate the temperatc.r e drc;> for the drying air ;
that is , the tsmperatu.re of exhaust air subtracted f rom t.l}e temperature of the
incoming air. From experimentai data U·Js quar.tity ranges from 15°F to 20°F.
Thus, to be on the conserv~tlve side a.ad make su..:-e we arP. taking the maximum
length of time required for drjing, let's assume that it is 15°F. Upon solving
this phase of our design p robl em, we determine i1ow ic:ng lt t.akes to dry seed
at a part ic ular depth; thus, the rate of drying ior one batch of seed. Thus, by
knowing the maximwn rate of receiving seeds we can determine how many bins
it will take to accomp!ish ol.!r drying !leeds.

The next factor we will conalder in dcying design is tce design of transition of air from the fan to the bl!l. Tbe theory exists that if a fan has siX square
feet of outlet open area, the transitions entering into the bin should also have
6 square feet open area or more . This i s known as the Equal A rea Theory.
This theory based on the assumption ibat pressure losses are negligible in a
t ransition having the same openings as the connection to the fan and the connection to the bJn. However, in some cases , the mamdacturer m akes the transition to the fan larger than necessa.:-y in order to standardlze his equipment. In
other words, for a large fan .t:e m.F....kes a tra..11sition of seve::u. square feet, and for
the small fan he res.lly only needs four, but it IS easier to make all the transitions the same s i ze; thus, he uses one of sevan square fe et. Thus , the seedsman, not knowing t..h.is, may go tc 6e ex;>ense of making a la.;:-ge transition when
it is not necessary for this size fan. A good rub is that if the velocity of the a ir
thro..,_gh a transition does noc exceed 2500 ft . per minute, the pressure loss
would be negligible and tte cr:msition would be sufiJ.c1ently la rgP. . In order to
determine your trar.sition size, i 'l; is nec0s~ary to deten.aine t..'lte maximum CF M
capacit-y of your f2.n and divide this by 2500 , thus arriving at a. square foot area
necessa::cy for the transition.
O per~tional

Ma!l&gemeni of Drying_

Drying takes place i ll a bin from the lowe:r lev3l of f.he seed to the upper
l evel of the seed. This is due to the dry 2.1.r entering from the bottom moving
the moisture up and out of the top of the seed. Th e m oistur e characteristics of
the seed in a seed bed change at the dry.L11g D.·ont. This drying front i s des scribed as the location in the seed where conditions below the drying front are
high temperature wd dry seed and 3bove the drying fro-ct are l ower temperature
and moist seed. The lower temperature is cal!ed the pseudo-saturation temperature. The seeds above the drying front -reach i.h.::! pseado-·saturation temperature shortly after drying comraences. Figll!'e 3 illustrates the location of the
drying front. in a deep bed of seed.
Figure 4 ill.u.stra.tes the pseudo- satur&.tion tempe rature at which all
le vels above the lower l evel of the seed reach within the first hour of drying.
As the drying front r eaches a partjcda:r level , !tis ev1denced by the t empera-
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ture rise as shown in Figure~ - Note that at 1 hour the temperature starts to
rise at the 5. 6 inch depth. At 2 hours, the temperature starts to rise at the
8. 4 inch depth. At 3 hours, the temperature starts to rise at 11.2 inch depth
and so on. Thus, when the temperature commences rising in the upper level
of the seed, we lmow that the drying in the upper level of the seed is commencing
and the drying of the .seed bed is reaching completion. When the upper level of
the seed approaches the drying air temperature, drying of the seed has been
completed. One method of determining progress of drying is to install athermometer or temperature recorder with sensing elements in the upper level of
the seed. Figure 5 gives an illustration of how this temperature would look on
a temperature recorder. At the bottom part of the figure we see the temperature being recorded at approximately 78°. As the top layer commences drying,
the temperature starts to increase and assuming there is a drying air temperature of 100°F, notice in the upper part of the chart paper that the top layer has
completed drying as the temperature reaches approximately 98° and levels off.
Thus, we can see that actually the temperature is an indication of the moisture
content at different depths in the seed.
Before drying commences, it is a good idea to measure the initial moisture content of the seed. When the bin has been fitted for drying, be sure to _
level the seed at the top. This is necessary to provide equal air flow. If the
seed is higher in the middle, there would be less air going through the center of
the seed than around the edges. Immediately upon placing seed in the bin,
drying should commence even though it is not filled to full drying depth. Drying
should not be delayed because this will result in heating of the seed and it will be
detrimental to the viability of the seed. If there are no facilities available to
commence drying immediately, the seed should be placed in a bin with aeration
until drying can commence. Even small amounts of air will preyent beat buildup and damage to the seed. During drying the seed should be sampled randomly
at different depths and different locations in the bin at least twice a day to keep
up with the process of drying. After the seed has completed drying, they should
be sampled thoroughly to determine there are no "wet spots" due to poor air
distribution.
If seed germination is dropping more than 1 or 2 percent during drying,
check for:
1.

2.
3.
4.
5.
6.
7.

Excessive holding time before drying commences.
Insufficient air flow, less than 10 CFM/ bushel.
Excessive static pressure, greater than 3-! inches of water.
High relative humidity of drying air, in excess of 60%.
Drying air temperature greater than 110°F.
Excessive seed depth.
Uneven air flow through the seeds.

The best teacher for doing a good job of drying is the records which you
to increase your experience as a seed dryer . By keeping good records
of temperature, air flow, time required for drying, moi'sture content, different
types of seed, and depth of seed drying, you can gain experience. Each time
you dry, you can do it with more assurance that you are doing a good job. No
~aintain
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one should lmow more about your drying operation than you.
Remember that there are two ways to get experience. One man worked
on the job 10 years, kept records, was mindful of what was going on, and he
gained experience. We can say this man has 10 years experience, and he is
better qualified to do his job because of it. At the same time, another man
worked on a job. He was unmindful of what was going on, he came and did his
work each day rather disinterested and did not maintain records . We can say
this man got 1 year's experience 10 times and he is probably worse off than a
new man · who', has had no experience. Thus, hopefully, 3JOU will be like the
man with 10 years experience. Each year your plant should do a better job of
drying, you should come out at a higher qu~lity, and you should do it more
economically. Your system can be better with the experience that you have had
drying seed.
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Processing-Handling Workshop: Duane Tyler discusses conveying.

Howard Potts discourses on finer points of processing.
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PLANNING A NEW SEED PROCESSING PLANT
B. R. Gregg !/

IS A NEW PLANT NEEDED?
Each year established processing firms build new plants, and new firms
and plants are organized. The success of commercial seed processing operations , as with other types of business, depends upon potential volume, efficient
operation, variety and quality of services offered, and progressive management.
Before a new plant is built, a thorough investigation of the cost of construction
and operation of the plant, and the potential business volume, should be made.
Among the factors to be considered are:
1. Crops produced for seed in an area and volume of production.
This determines the machinery needed.
2. Weeds common to the area.
Weed seeds also affect choice of machinery.
3. Is the volume of seed cleaning sufficient to justify the initial cost of a
seed processing plant?
If volume is sufficient, then expected volume will be the deciding
factor in determining the size of plant needed, the capacity and
number of cleaning machines, the number and size of seed bins,
and the loading-unloading equipment needed.

4. What capacity per hour of seed flow will be needed? Are planting seasons and market activity relatively soon after harvest, or can processing be spread over the winter?
5. Competition:
Are there other cleaning plants serving the same area?
How busy is the other plant r
What services does it offer?
What are his charges for custom cleaning?
Does he also buy and sell seeds wholesale?
Are the potential customers satisfied with his service?

!/

Associate Agronomist, Chief of Party, MSU/ AID Seed Industry Development Contract, Brasilia, Brazil.
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6. Type and cost of necessary equipment.
Equipment is usually a large part of the initial investment.
7.

Size and type of building needed for cleaning and storing seed.
Is a suitabl e building available?
Will it be necessary to erect a new building?
Will the building allow low cost, efficient operations?
What are insurance rates on this building?
What types of construction are availabl e, or most suitable?

8. Will it be necessary to build seed drying facilities?
9.

Source of power for running machinery.
Electricity is essential for uniform, accurate operation of
machinery. Three-phase current gives more even operations ,
which is essential for machines such as gravity separators.
Totally-enclosed motors are usually required on seed cleaning
machines.

10.

Qualification s of the plant manager.
Experience, education, native ability, willingness to learn.

11.

Size and location of the plant site:
Size of the operating area.
Size of the storage area.
Rail and highway access.
Unloading and parking facilities.

12.

Potential outlet for seed.
Distance from major markets.
Wholesale.
Retail.

13. How will seed be br ought to the plant: in bags, in bulk, or both?
14.

How will seed be stored: in bags, in bulk, or both?

15.

What allied lines can be handled?
Types.
Potential value.
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16. Is suitable labor easily available? Are wages high enough to place
added emphasis on labor-saving machinery?
Selecting Processing Equipment
Once the decision to build a new processing pl ant has been made, the necessary processing and handling equipment must be selected. Factors influencing
the selection of equipment are:
1. Selecting cleaning machines:
A. All factors affecting the decision to build a plant will have a bearing on machinery selection.
B. Crops to be handled will affect equipment selection. Different
crops often require different machines to bring the seed up to desired standards.

c.

The weeds commonly found in the area and in the crop seed must
be considered. Different machines are needed to remove different weed seed.

D. The volume or capacity desired will determine the size and number of machines needed.
2. Elevators and conveyor s:
A. Elevators must have a capacity large enough to run the machines
at maximum capacity. They must also be able to fill the bins
quickly, releasing plant workers attending them for other duties.
B. There must be enough elevators and convey..J.rs to move seed to
all points where seed must be moved from machine to machine,
or machine to bin, etc. Mechanical seed handling gives higher
capacity and lower cost than moving seed by hand.
C. The type of seed to be handled will affect the choice of elevators
and conveyors. Easily-damaged seed limit the choice of handling
equipment; certified seed would also limit handling equipment to
types that can be cleaned out easily.
D. The type of plant layout--vertical or horizontal machine arrangements--will affect the selection of elevators and conveyors.
3. Bins and hoppers:
A bin or hopper should be used over each machine , and at the sacking
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off point. Bins should be large enough to feed the machine without continuous supervision or feeding by a man and they should also
be large enough to compensate for ''surge," or differences in
oper ating capacity between two machines.
Planning the Plant Layout
Efficient arrangement of machines in the cl eaning line can greatly reduce
the cost of processing seed, as well as increase cleaning capacity. Seed plant
layout varies according to the crops handled and the elevator system used. But,
complete processing of any seed would follow through most of these steps:
1. RECEIVING involves putting seed into the cleaning line or into bulk
storage where they can be held for later cleaning.
2. BULK STORAGE is found in larger plants. Bins or tanlcs hold seed
until they can be cleaned. These are usually designed to move seed
directly into the cleaning line. Bulk storage in "tote-boxes" is also
widel y used.
3. CONDITIONING OR PRECLEANING scalps off large chaff, removes
awns, beards, or hulls. Conditioned seed flow through the cleaning
line easier.
4. CLEANING removes inert materials , broken seed, weed seed and other
crop seed. The air-scre en cleaner is generally considered the basic
seed cleaner.
5. SEPARATING AND UPGRADING: Basic cleaning may not remove weed
seed or immature crop seed present in a seed lot. The roll mill,
spiral separator, gravity separator, and other machines use certain
physical characteristics of seed to make separations. The gravity
separator and stoner can also be called upgrading machines; they
remove poor quality seed, sand and s tones to increase purity and
germination.
6. TREATING AND BAGGING complete processing. A chemical to control diseases or insects is applied to many seed. The seed are then
weighed into bags or other packages.
7.

FOR STORAGE AND SHIPPING, the modern trend is pallets for bagged
seed and palletized boxes for bulk seed. These can be moved ver y
rapidly by one man with a forklift.

Layout of the flow pattern and design of the processing plant will be affected by all considerations in the decision to build a plaut, as well as the factors
.·;
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affecting the choice of machinery. In general, equipment must be arranged to
provide:
L

A cleaning sequence that is proper, complete, and as simple as

possible.
2. The most economical distribution and maintenance of space.
3. An orderly and continuous flow of seed and waste products, with a
minimum labor requirement.
4. Maximum flexibility to handle different seed which require different
processing.
5. Allowance for orderly expansion as capacity needs increase.
6. Maximum safety and comfort of operating personnel.
7. Effective and economical means of handling waste products.
Processors have developed two main systems of seed plant design in their
efforts to lower processing and handling costs. These are the multi-story and
the single-story plants.
Multi~Stdry_

Plants

The multi-story operation has been a long-time favorite. Seed are carried by elevators to the top floor and emptied into large bins. Cleaning machines
are placed in a vertical series on lower floors. Seed flow from one machine
down into the next by gravity. Seed complete their trip and are bagged off on
the bottom floor, and moved to the warehouse.
Multi-story processing plants cl ean a wide range of seed in many seedproducing areas. The minimum expense for elevating equipment is their big
advantage, since seed flow is largely by gravity. This system is frequently
used with grain elevators where necessary building height is already available.
Single-Story Plants
Many plants are being built with all cleaning machines mounted on a single
level, or on platforms on the same floor. Single-story plants are gaining in
popularity, especially in the last few years when great strides have been made
in elevating and conveying equipment.
In the single-story plant, seed are moved from one machine to the next

by elevators placed between the machines. More outlay for elevating equipment
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is necessary, since a separate elevator is needed to feed each machine. Bu,t,
supporters of this system are quick to point out that building costs are much
less. A single-story building costs less than a multi-story building sufficiently
reinforced to carry the weight of machines and seed bins. One man can supervise a single-level processing line without running up and down stairs. Conveyors are often used in addition to elevators to move seed horizontally in this
system.
Layout Variations
Variation of the single-level plant, or combinations of part multiple- and
part single-level arrangements, are perhaps more popular than either system.
A popular arrangement places the air-screen machine on an upper level, while
all other machines are on a single level below the air-screen cleaner. Another
common variation of the single-level plant is the mounting of two or more machines which make similar separations in a vertical series. This system is
popular with hybrid corn seed processors. The debearder is often mounted over
the bin serving the air-screen cleaner at the head of the cleaning line, even when
other machines are on a single l evel.
Processing Cost Factors
The per-bushel or per-pound cost of processing seed varies widely from
plant to plant, since volume, as well as many of the cost factors, vary widely.
Some of the factors which must be considered in determining the cost of
processing seed are:
1. Salaries and Labor:
In addition to the basic salaries and wages of the manager , secretaries, mill workers, truck drivers, etc., most organizations allow from
15 to 20% additional for fringe benefits such as vacations, holidays,
labor tax, labor insurance, hospitalization, etc.

2. Supplies, including:
A.
B.
C.
D.

Bags
Bulk boxes
Treating materials
Tags

E. Twine
F . Bag stencils
3.

Building, including warehouse, processing plant, and other buildings
used in the operation:

45

A.
B.
C.
D.
E.

Upkeep and repairs
Insurance
Depreciation
Heat
Electricity

4. Processing and Handling equipment:
A.
B.
C.
D.
E.

Depreciation
Upkeep and repairs
Insurance
Electricity
Gasoline and oil for lift trucks

5. Other processing and handling costs:
A. Insurance on inventory.
B. Taxes on inventory.
C. Transportation costs for moving seed from country points to the
processing plant.
D. Loss of seed stocks.
E. Handling and disposing of screenings.
F. Quality control costs, including purity and germination tests.
G. Certification costs, including new bags, tags, plant cleanup,
separate lot handling, etc.
H. Record-keeping.
I. Warehouse handling and shipping costs.
J . Other items, such as insect and rodent control.
K. Truck purchase, maintenance and operation
6. General Expenses:
A.
B.
C.
D.

Interest on investment
Taxes on property
Advertising and promotion
General overhead

These costs must be covered by custom processors in the processing
charge. If the processor buys field-run seed and markets the finished product,
his price margins can absorb some of the costs listed above. However, buying
and selling involves additional risks and costs, including:
1.. Additonal salaries, expenses, etc. , involved in marketing.

2. Additonal advertising costs.
3. Losses due to seed deterioration during storage and marketing.
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4. Screenings lost.
5. Expenses involved in carrying accounts receivable.
6. Shipping costs.
7. Other miscellaneous items.
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SEED CONVEYING - PROBLEMS AND SOLUTIONS
Duane W. Tyler !/

All who are in the seed processing business are aware of the problems in
conveying seed. In one sense, conveying systems in a plant are only a means to
an end. The processing and merchandising of quality seed is and should be the
prime interest. Very often primary attention is given to the equipment used for
processing and very little attention is paid to conveying systems.
When I refer to conveying, I mean anytime material is passed from one
point to another. This applies to conveying horizontally, vertically, or inclined,
as well as by gravity to or from bins or through spouting.
When conveying seed, as opposed to conveying feed, grain, plastics, or
other bulk materials, two distinct problems must be recognized:
1. Seed mixture

2. Seed damage

The economics of which type of conveying is used is a factor, but the risk
of allowing either mixture or damage to the product should be of prime consideration. Mixture of commodities is something we all understand. However, let us
define which mixtures are more critical than others.
When conveying seed ahead of any cleaning system, some mixing of physically dissimilar commodities may be tolerated because the cleaning equipment
can make the required separation. Examples would be; wheat in soybeans, clover or small legume seed with wheat or very light seed mixed with heavy seed.
Whatever the mixture, if a separation can readily be made due to phys ical~
ferences, then a plant can tolerate foreign contamination in uncleaned seed •

.

When handling cleaned seed, mixing cannot be tolerated. To avoid this,
we should use either self cleaning conveying systems or a plant must provide for
clean-out features in the equipment. Obviously, time for shut-down and cleanup operation is costly to production and manpower.
Damage to seed in conveying systems is detrimental regardless of where
it occurs throughout the operation. Seed damage may show up in one or more
ways, for example:
1.
2.
3.
4.

Destroy germination
Splitting or chipping
Loosening or skinning of seed coat
Dehulling

!/Technical Service Manager, Ferrell- Ross Co., P. 0 . Drawer 26468,
Oklahoma City, Oklahoma 73126.
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Once the seed is damaged, nothing can be done but to try to remove as
much as possible by sizing, which results in loss. Germination cannot be restored and may not be detected by inspection. An immediate germination test
may show some of the damage, but often, only after weeks of storage will the
full extent of damage become apparent. Regardless of how tenderly fragile seed
is handled, a certain amount of damage is inevitable. The point is to recognize
the susceptibility of each type of seed to injury and to take all precautions possibl e against it. Too often the most unexpected places within a plant can be causing seed injury. These may be offsetting joints of spouting, weld splatter on
metal surfaces , rough surface bins, and unusual impact points.
Each type of conveyor when first designed probably had one chief purpose
for its use. Therefore, each type of unit may have its distinct advantage for a
given operation. One must recognize the job to be done, what precautions are to
be considered, and how to select the type of conveying best adapted to a specific
function.
Before discussing types of conveying, let me list additional factors which
could assist you in making a selection. The equipment must be adaptable to the
following:
1. Movement - vertical, horizontal, incline or combination

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Product - heavy, light, trashy, or bulky
Multiple feed points, single discharge
Multiple feed points, multiple discharges
Single feed point, single outlet
Single feed point, multiple outlets
Dust or water tight
Accessible for maintenance
Prevention of plugging
Limits of mixing characteristics
Limits of damage characteristics
High or low capacity needs

These factors do not necessarHy cover all that should be considered, but
they do cover several that apply to seed handling.
With reference to conveying equipment available, there are basic characteristics to be considered. Mention should be made also of the need for using
equipment not always best suited for the job, but which may be used under extenuating circumstances. To understand equipment capabilities is to recognize
what modifications may be made to allow its best performance under whatever
conditions it may be forced to operate. Let us briefly discuss types of equipment
commonly available:
1. Bucket elevators - centrifugal type

2. Bucket elevators - continuous t-ype
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3.
4.
5.
6.
7.

Screw conveyors
Belt conveyors
Vibrating conveyors
Drag flight conveyors
Pneumatic conveying a. Positive
b . Negative
8. Gravity spouting
BUCKET ELEVATORS
Bucket elevators are available in two basic types . Centrifugal discharge
type is normally used for free flowing materials. Gravitydischarge type which
include positive discharge and internal discharge types, as used on poor flowing
or fragile materials.
1. Centrifugal Discharge

Centrifugal type as illustrated in Figure =ttl without question is the most
widely usedmethodofverticallyelevatipgbulkseedand grain. Based on its universal use, in my opinion, it is one of the most misunderstood pieces of equipment. There are more styles of elevators offered to the seed industry than
any other one piece of equipment. In a properly designed elevator there are
basic mechanical fundamentals to be adhered to. To select the best equipment
the following steps should be taken:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Determine capacity required
Height of discharge
Select size and type of bucket and spacing
Select head pulley size consistent with power applied and
f. p.m. travel most adaptable to product handled.
Figure horse power required
Determine belting required for long life and tensile strength
safety limits.
Head shaft and bearings determined for heavy duty moment
(torque).
Determine area of head discharge and clearance for good
flow of material.
Determine inside leg clearances for safe operation.
Determine reduction drive to meet safety, insurance, and
trouble-free service.
Calculate total weight to be supported and built into boot,
legging, head and motor support.

All of these calculations are designed into a high quality elevator. Light
duty economy el evators are built with short cuts to proper design and unfortunately it is the user who must live with the deficiencies.
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FIGURE 41
IIA"

n

"B"

BELT & BUCKET ELEVATOR

16" Dia.

-

........

L------,--~----+-~~---,--~roat

s ide

Deflector
baffle

& boot pulley same size. This often done
on elevators of smaller size or where height is not excessive.

(A) Unit with head

(B) Unit with larger head pulley than boot. Preferred fo}:'
permitting use of lower boot inlets, better cup fi lling 4
leas material left i n boot cavity . Head pulley size
determined by requir.ed lif t load and proper pulley and
belt contact for horsepower employed .
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Of course, there are variations of design, and because these exist, this
may account for the many types built. Almost every basic design of mechanical
equipment can be modified and called new . but whenever basic fundamentals are
varied too far, you end up with a compromise. Compromise, as defined in the
dictionary is "to come to agreement by concession". To concede basics in favor of variables in elevator design can lead to problems.
Basically, bucket elevator s of centrifugal design involve head and boot
pulleys over which belting travel s and onto which buckets are attached. Material picked up by buckets in the boot is carried upward and centrifugally discharged as buckets pass over the head pulley. The material is directed to the
elevator throat discharge chute. The capacity of the system is solely r elated
to the quantity of the material, us ually referred to as cubic feet or bushels per
running foot of belt. Running feet refers to speed at which belt travels over surface of head pulley.
We refer to two very different designs. Both are rated at about the same
capacity, yet bring to focus some rather interesting evaluations. The illustrations on Figure #2 shows how a slower speed, large head pulley, and a high
speed, small head pulley el evator may be rated at about the same caRacity.
There are other factors to be considered. The high centrifugal force caused
by buckets passing over a small head pulley will account for high impact force.
Additional negative effects occur in the boot because buckets will not fill properly until the mass of materiafbuilds up several feet in the up leg. High speed
boots cause great impact between the cup lip and the product.
We all understand the ability to drive an auto around a long sweep curve at
a rather high speed. However, if the curve is very tight, we must reduce speed
to a crawl. The same force applies to using large or small head pulleys in elevators . Remember , the larger the head pulley used, the faster the belt speed
(f. p.m.) permissible and necessary for correct centrifugal force. Do not confuse belt speed (f. p.m. ) with shaft speed (r. p.m. ). A comparison table may
give you a better understanding.
Head Pulley
Dia

Head Shaft

r .p.m.

Belt Speed
f.p . m .

12'' ---- --------------60 -----------------188
16'' - - ----------------52 ----------------- 218
24'' ---------------- - 45 ----------------- 283
30"------------------39- - --- ------------ 306
36"------------------37---- ---- ----------349
42" ------------------34------------------375
48'' - -----------------32 ---------- ------- 402
60" ------------------ 28. 5 --------------- 448
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FIGURE /12

ELEVATOR "A"

ELEVATOR

'ta"
609 fpm
p speed

336.7 fpm

Bert--

t

1

I

I
----609 J pm
tip Rpeed
"B"

"A"
5''x4" Bucket
640 Bu .

Deflector baffle

6"x4" Bucket
Rated Capacity

700 Bu.

45 rpm

Head speed

245 rpm

24"

Head pulley Dia.

5\"

16"

B-oot pulley Dia

5\ "

283

Belt speed fpm

337

333

Cup lip speed
over head pulley

609

6"

Bucket spacing

EFFECT OF PULLEY DIAMETER ON TIP SPEED OF BUCKETS

4\"
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The larger the head pulley, the better the friction contact on the belt,
avoiding head pulley s lippage. If the head pulley slips, it allows leg plugging
and the belting burns in two.
The action that takes place in the elevatorhead by slow, optimum, and
fast speeds is shown in Figure #3.
By using the correct speed elevator, buckets will discharge with proper
trajectory so as to avoid product damage, excessive wear on metal surfaces,
.. and will eliminate turbulence at point of discharge . Turbulence will cause
back-legging and poor flow of product into spouting.
One must recognize the same centrifugal forces are in effect in the boot
as in the head, although not as readily apparent.
Another key factor to consider in elevators is the manner in whlch a product is fed into the boot. Feeding on up leg is considered more standard because of feeding directly into the bucket, thus filling it to its best capacity.
Thls might be true if all material fed alike and intake chutes were properly
positioned. Generally speaking, however, non- fragile free flowing commodities
are fed into the up leg. Easily damaged commodities such as very dry soybeans
and edible beans· should be fed on the down leg. Trashy or light products like
bluegrass should always be fed on the down leg side.
Centrifugal elevators are not self- cleaning, but there are features that
can aid in clean up. Pulleys can be equipped with solid ends and spacers ·can
be inserted behind buckets. Boots can be equipped with full s lide clean- outs,
drop bottoms or with air suction adaptations.
Maintenance of these elevators is normally very low unless basic principles of design are ignored.
2. Gravity Discharge Elevators - (Figure #4)
The two types of gravity discharge elevators are the external and internal
design. Normally , we will not find the external gravity type in seed and grain
plants, but we do find the internal discharge type.
The buckets are mounted on chain in a continuous manner and this is why
it is often called "continuous bucket elevator". These elevators are ideally
suited to handle fragile products such as edible beans. Loading is internal,
by gravity or metering feeder. Buckets are close together with overlapping
lips to prevent spillage . At discharge, buckets are inverted for internal dumping into a chute spouted to either side. Because buckets are attached between
two chains riding on sprockets, various configurations at head or boot can be
adapted to fit requirements. Buckets with up to four separate compartments
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FIGURE# 3
elevators

~ ELEVATOR HEAD SPEEDS

Clipper heads, boots ond legging ore products of intensive study involving thorough engineering and precise construction. A bucket e levator, properly designed, driven at correct speed,
will make a clean discharge directly into the throat assuring no appreciable damage on
vulnerable commodities and little or no bocklegging or downlegging.
Note: A slight deviation such as 5 r.p.m above or below optimum speed causes the cups to

spill or throw.
Sketches below illustrate commodity discharge patterns of ll 24 inch diameter pulley at:
TOO SLOW- 35 r.p.m., OPTIMUM- 45 r.p.m. and TOO FAST- 65 r.p.m.
~-------

TOO SlGJ -

spillage

Cups spill the product into the upleg and downleg. Breakage occurs when the kernels strike the cups ahead, when
tumbled within the pulley and when re-elevated.

OPTI~t.M

-

recommended speed

Cups fill and corry perfectlY,, then discharge directly into
the throat- no spillage- no breakage.

TOO FAST- critical w hen commodities are d amage·
able by rough or fast handling.
Cups lose all holding and discharge control, resulting in
g ross inefficiency, excessive breakage and undue head
wear of the. head liner.
OPTIMUM SPEED CHART
Pulley Dia.

12

16

18

20

22

24

26

30

32

36

42

48

60

72

R.P.M.

60

55

52

49

47

45

43

40

38

37

34

32

28

26

The chart on the reverse page indicates greater Clipper elevator capacities achieved by increasing head
pulley speeds. Practical when handling feeds or other non·damogeable commodities.
A, T. fl'DR.LL 6 CO., IAGINAW, MIOHtGAN, U.e, A,
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FIGURE 1M

INTERNAL DISCHARGE ELEVATOR
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can be used to handle four different products simultaneously without mix.ing.
Using single compartments buckets, capacities range from 420 bushels to 2, 000
bushels per hour .
Due to design and slowly moving overlapping buckets, the product is carefully handled without mixing. This is probably the most gentle way to handle
seed. Units can be housed or unhoused depending on the installation. Damage
or spillage of seed is held to an absolute minimum.
These units when driven through fluid or shot type coupling drives, reduces shock start-up and lengthens chain life.
The chief opposition to greater use of internal gravity discharge elevators
is the initial cost and greater space required. Nevertheless, if the operation
demands gentle handling, minimum clean-up, no mixing and quick changeover
of product or variety , then these units will answer your need.
SCREW CONVEYORS

These units are one of the oldest means of conveying horizontally, on
incline, and even vertically. They are available in a wide range of capacities
and in either "U" trough or tube housings. They are not considered to be selfcleaning or to be gentle with friable products. They are adaptable for multiple
inlets and outlets with chance of a small carry over past intermediate discharges.
Caution should be taken to prevent over feeding.
Units work satisfactorily on incline or ver tically when built in tube housings. For inclining "U" trough units, figure a decrease in capacity approximately as follows:
15° Inclined, decrease capacity by 25%
25° Inclined, decrease capacity by 50%
For inclined units using "U" trough, consider using double flighting to appreciably increase capaClty as opposed to single standard flighting . Manufacturers should be informed of the intended use and circumstances involved.
For inaccessible areas, screw conveyors are considered favorable if
large foreign objects are prevented from plugging units.
Power requirements are greater than most other types of horizontally
conveying. MaJntenace on non-abrasive material handling is ordinary but generally more than other conveyors . Screw conveyors have applications in seed
plants but not normally on any clean seed operation. They are difficult to clean
and are considered abrasive on most seeds.
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BELT CONVEYORS
Belt conveyors are identified as slider or idler troughing types. The
slider type is a unit having a drive pulley and take-up pulley, and a metal or
wood slider bed. The carrying surface for the belt can be flat or formed
troughing. The slider type is often selected for capacities up to 6, 000 bushels
per hour and for lengths up to 100 feet.
Idler troughing type consists of head and tail pulley assemblies and usually ball bearing trougher rolls to form the contour of belt and carry the bed
load. These units are found in large volume operations handling many thousands of bushels per hour.
Belt conveyors are considered non-choking and adapted for multiple fe.ed
points and single discharge or multiple discharges if equipped with a tripper
system. A plow- off or~ side discharge is not desirable in seed plants. Almost
any product or commodity can be handled. Conveying is gentle and self-cleaning
if l oaded within safe limits of belt carrying ability. On flat slide type, since
the entire bottom surface is live, the load can be carried up the vertical side
of the trough . However, this type is not entirely self- cleaning.
On all troughed units , the feed should be controlled and directed to the
center of the belt. Speed (f. p.m.), width, and shape of formed trough determine capacity. Generally, the heavier the material conveyed, the higher the
belt speed, up to 700 f . p . m . The opposite is true on light, fluffy material
which may handle best at speeds as low as 200 f. p.m. All units operate with
low power and maintenance, deliver uniform volumes, and are quiet.
When using on incline, depending on material, a safe limit is 12° on
slider type and 20° on idler roll type. Waffled or rough top belting will improve
carrying ability on steeper inclines.
Belt conveyors have many applications in . s eed operations but certain
precautions will improve their performance.
VIDRA TING CONVEYORS

Vibrating conveyors, available in balanced or unbalanced construction,
are ideally suited for conveying any relatively free flowing material. Carrying
troug~ can be "U" or "V" shaped, square or round. Material is conveyed very
gently and uniformly , and units are 100% self-cleaning.
The balanced units should be used for longer distances of up to 100 feet,
or where vibration is critical, or when conveyor is hung from overhead bins,
etc.
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FIGURE #6

"FLANGED" DUST TIGHT COVER
WITH "BARRON" CLAM/

DUST-TIGHT
~GASKETING

DOUBLE
FLANGED
CONVEYOR
TROUGH

ANTI-TILT
BARS

STURDY
GUIDE
SUPPORT

COMBINATION
OR STEEL SIDE
BAR CHAIN
WITH FLIGHTS
ATTACHED

ALUMINUM
ALLOY
STEEL FACED
CHAIN RETURN
BAR
"SCREWCO" FLIGHTS

DIAGRAM OF DRAG FLIGHT CONVEYOR

ALUMINUM
ALLOY
HOLD DOWN
BAR
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10°
15°
20°
25°

incline
incl ine
incline
incline

capacity------ ---- 88%
capacity- ----- ----75%
capacity- ------ - - -62%
capacity----------42%

To compensate for some loss of capacity when inclined use closer spacing
of flighting. Closely spaced flights will substantially increase capacity of inclined units. All units should be equipped with by- pass, non-chokingtype inlets.
Power requirements are quite
installation features are good.

low~

maintenance is most reasonable, and

PNEUMATIC CONVEYING
Pneumatic or air conveying has de~eloped rapidly since the 1950's. It is
employed to convey dry products from flour to products in all granular forms,
including wood chips in lumber and pulp plants. Under development now is a
unit to convey live chickens in broiler houses. One chief advantage is to convey
assorted products for long distances through a combination of vertical, horizontal, and inclined pipes. They fit into compact areas and conveying runs are
tightly sealed and self- cleaning. The few moving parts are located at the feed
and discharge points only. Systems used in complicated flour mills, corn and
soybean oil plants, and plastic operations add appreciably to cleanliness and
beauty of plants.
While these systems are highly successful , they are not as common in
seed or grai.n operations due partly to the higher power requirements and because they are used only during seasonal operation. Each system must be engineered for established requiremen.ts. Also, seed plants handling fragile seeds
may not be able to use pneumatic systems. However, they are in use on toasted
flake products.
Three basic systems

~re

available:

(1) Suction system in which the pressure in the system is less than
atmospheric pressure.
(2) Negative pressure (suction) systems employing high velocity 9 low
density air and using centrifugal fans.
(3) Positive pressure systems, which employ low velocity, high pressure air.
Primarily, only systems (2) and (3) are used for product conveying.
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NEGATIVE PRESSURE SYSTEMS

To date, this system is more common in seed plants primarily for grass
and small legume seed, particularly oat West.
These systems may fall in a range of 4 to 6 cubic feet of air to a pound of
stock. Systems are sized for the total number of pick-up points needed and the
volume material at each. Pipes are sized for sufficient air volume at velocities
of 4000 + f. p . m . For multiple feed p oints, the maxitnt:.m volume of material
must be figured .in the system. Therefore, at each fe ed point, the material
must be controlled to not exceed capacity limits. Lesser amount offeed will not
affect the system. Usually, to balance the entire system, air valve or blast
gates are located in each branch line. Mechanical feeders are not normally
required on negative systems. However~ at the di scharge of the collector-re- .
ceiver, a rotary air lock is required allowing the product to di scharge by gravity and allowing the free air to pass out the top and into the fan and be discharged.
These systems are very practical for handling a non-fragile product from
one or more pick- ups to one position discharge. While power is relatively high
per bushel, the elimination of multiple cross conveyors and the advantage of a
compact system can save a great deal. We do not recommend negative systemr1
for products which are easily split or skinned.
POSITIVE PRESSURE SYSTEMS

Positive systems have developed rapidly in many industries. They empl0y
much less air, operating in the range of 1/ 2 to 1 cubic feet of air to one pound
of stock conveyed, or about one-sixth the air required for negative air systems.
The velocity is about the same - 4000 + f. p . ro.
High pressure air is developed through a pllmp giving positive displacement of air. Air is pumped into the conveying line and a rotary feeder (air
lock) introduces material into the down-stream air line. The material in the
line is fed in a near solid mass and is pushed by the high pressure air more on
the order of laminations; i.e., mass, air cell, ma.ss, air cell. This explains
why the material to air ratio is far greater than free air negative systems.
Some systems offered use 2'' to 6 11 air lines to handle 2i to 45 tons per hour at
distances to 350 feet. Systems beyond this capacity and length runs may also
be available.
Due to labor, plant safety, cl eanliness, and air pollution requirements,
positive pressure systems have many attractive advantages . Power requirements are high, but for the difficult conveying installations, the assets are
many.
One of the unfavorabl e features is the risk of line plug-up if power failure
occurred. Also, unhke other conveymg systems, including negative air units,
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each feed point must be equipped with motor driven rotary air lock. These are
rather expensive. Pipe joints must be very smooth. Most dry granular products can be conveyed with less damage than in negative systems.
GRAVITY SPOUTING
Gravity flow is used for conveying wherever possible, yet spouting,; can
be a source of product damage, wear, poor flow, or choke-up. To select proper spouting, one must know something about the product flow, angle of repose,
and the area of spout required for the volume.
On the chart below is shown the normal minimums I use in a plant layout.
Spout Angles Generally Applied
Degree Slope

Product
Wheat
Barley
Oats
Corn, dry (uncleaned)
Corn, damp
Soybeans
Grasses (general)
Grasses, trashy
Feed, ground

Carpenters Square

30°
33°
37°
37°
45°
40°
45° (unless trashy)
60°
53°

7/ 12
8/12
9/ 12
9/12
12/ 12
10/ 12
12/12
20/ 12
16/12

The above chart is based on normal conditions, dry clean smooth piping and
normal product. The slope should be increased above minimums if extreme contingencies demand.
The volume a spout is capable of handling is directly related to flow characteristics. Flow is determined by type and variety of commodity as well as
moisture content . In general, the chart shows a formula for estimating volume
of free flowing products in the area of round spouting.
VOLUME HANDLED IN GRAVITY SPOUTING

Pipe Dia.
4"
5"
6"
8"
10"
12"
14"
16"

Area
Sq. In.
12. 57
19.63
28.27
50. 27
78.54
113.1

153.9
201.0

Bushels Per
Sq. ln. / Hr.
40-70
50-75
50-75
50-75
50-75
50-75
50-75
50-75

Volume
Range/Hr.
500 to 750
980 to 1, 470
1,410to2,120
2, 510 to 3, 770
3, 925 to 5, 890
5, 655 to 8, 480
7,695 to 11,540
10,050 to 15, 075
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NOTE:
(1) Volume is based on choke feed of free flowing product at the top end of the
spout provided there is not unusual disturbance or boiling action at that
point. Entrances from gates or square-to-round fitting should be smooth
and with sufficient taper to allow good flow.
(2) Any back pressure of air, from bins without air relief, can cause severe
reduction of capacities, particularly on light, fluffy or ground material s .
(3) Low to high rate of capacities is determined by natural flow of product and
its moisture content.
(4) Spouting on angles up to 50 to 60 degrees will carry more material at higher
velocity than spouting near vertical in fall. ~ven a slight angle is better
than vertical.
Square or rectangular spouting may be advisabl e if degree of fall is less
than desired. Also, square spouting can be formed of heavy material with
abrasion resistant, or other type liner material inserted to prevent wear. The
top side of square spouting can be bolted in place for easy access to liner replacement.
Joints of all spouting should be as flush and smooth as possible to avoid
both product damage and turbulence which will rapidly dish-out metal surfaces.
Dead boxes are desirable on longer spout runs to decrease speed of flow
and absorb impact of points of directional flow change. Many types are built
but the self- cleaning types are preferred.
"E- Z Down" vertical ladders are used successfully to reduce cracking of
soybeans, edible beans, and other fragil products. These consist of rubber
lined baffles, each in counter flow to the other, giving the material a walk
down action. These are available in closed units for spouting or open units for
inside bin let-downs. (Figure.'#7). For best results, a starter box or trap is
used to properly introduce the stream to the ladder. (Figure #8) .
It helps, but is not essential, to be a seed technician to cate.gorize seed
and to establish basic conveying characteristics. From a behavioral viewpoint ,
the following classifications can be established:

(1) Flow Characteristics
Excellent
(Wheat)

Good
(Barley)

Fair
(Soybeans)
(Oats)

Poor
(Grass)

(2) Density
Light

Average

Heavy
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FIGURE #7

"BEAN LADDER"

/.
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(3) Susceptibility to damage - (Under ordinary plant conveying conditions)
Ordinary

Slight

Most

( 4) Moisture Conditions
Damp

Average

Quite Dry

Very Dry

( 5) Damage Most Feared
Germination

Skinning

Cracking

Shock

(6) Storability Precautions
Mixing

Breakage

Final Moisture

With the aforementioned in mind, let us take various types of seed and
apply these characteristics.
Grass Seed - Conveying Characteristics
1. Not all but a very high percentage of grasses are rather poor to very
poor in flowing and have quite a high angle of repose.
2. Usually lightweight.
3. Difficult to damage.
4. Normally dry at time of processing.
5. Germination - is characteristic of seed, not normally of handling
system.
6. Storability quite good if product properly cleaned.
Wheat - On the other hand
1. Very free flowing
2. Heavy density.
3. Unlikely to damage
4. Usually dry at time of processing.
5. Germination mostly affected by immature kernels not removed.
6. Storability precautions -mixing.
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Soybeans and perhaps Rice -By contrast
1. Average to fair flow depending on contamination and splits present.
2. Heavy density.
3. Highly susceptible to damage.
4. Moisture - everything from very dry to above best storage conditions.
5. Damage by cracking and germination affected by shock or impact.
6. Store thoroughly cleaned and with very easy handling after process-·
ing.
Let us further evaluate these basics and behavioral characteristics.
1.

Flow - This governs the ability to bin, feed through cleaner feed
mechanisms, flow across cleaning screens, and slope of gravity
spouts.

2. Density - Applies more generally to weight in bins or against feed
hoppers but also governs that light grass seed is not conveyed well
on average speed belt conveyors.
3. Susceptibility to damage -Will usually clearly indicate what type of
conveying equipment should or should not be used.
4. Moisture condition -This is of particular concern when handling
such commodities as edible beans , soybeans and seed corn when
moisture is low and susceptibility to cracking is high. Certainly,
when designing a conveying system, the extreme or poorest conditions should be the governing decision in your selection.
5. Damage most feared- Equipment should be selected considering the
products susceptibility to damage.
6. Storability precautions -When thinking of seed stock, of course, nc
mixing can be allowed and breakage of certain commodities must be
closely guarded. However, when handling market corn, for instan ce,
some mixing can be tolerated, but breakage can be costly and a factor to proper aeration in storage. If final moisture of bulk commodities is on the higher side, breakage or improper cleaning causes
a concentration of "fines" and is very risky.
I say again, you do not have to be an expert seed analyst to apply common sense in your selection of equipment. The difference in original cost of
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equ.ipment and methods of spouting will be small compared to the m.istakes
you may be forced to live with or money you will spend to do it over properly.
Like we often hear, "If we don't have the money to do it right the first tiine,
when will we have either the time or the money to do it over?"
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CONDITIONED SEED STORAGE-JUSTIFICATION, DESIGN AND OPERATION
Zenas A. Stanfield .!/

Work has shown that the methods used to prepare seeds and to store them
prior to use can be a limiting factor in performance and yield. Grabe (1) has
reported yield decreases for seeds stored in warehouses under ambient conditions . Delouche (2) has discussed storage conditions which will delay the rate
of deterioration of seeds and has related yield decreases to time and condition
of storage. Gill (3) has summarized the several methods of measuring vigor
and deterioration and has related yield to storage conditions.
An important conclusion in this work is that the decreased yields were not

due to decreased stands but to less efficient setting of seed.
All of this work presents a real challenge to engineers in the seed industry
to design, justify, and build facilities and equipment that are beneficial and
economical.
Also, the research work has been extremely helpful in design and justification of facilities.
The now classic curve on deterioration and germinability presented by
Delouche (2) has been helpful in organizing our thoughts on seed quality. It demonstrates that deterioriation has already started before germination begins to
drop off.
To quantify this phenomenon, our research has developed the data of Figure 1 which sho.ws the relative drop with time in ambient storage of cold test,
glutamic acid decarboxylase activity (GADA), and yield while the germination
remained high. All values were high, however, when the seed was stored in
controlled atmosphere (CA) storage (50° F, 50% RH).
The results of research on storage of seeds have been the basis for design
and justification of controlled atmosphere warehouses for foundation seed and
commercial seed. Also, seed breeding work has been helped for some years by
the ability to use seeds for comparison and evaluation work which have been
s tored under controlled atmospheres.
In the case of foundation seed, the economic justification for controlled
atmosphere storage (for a seed company which has its own foundation seed dep artment) lies in the increased yields obtained in the production fields for commercial seed. The investment cost for insulation, cooling equipment, and dehumidification equipment would be justified by the savings caused by a yield in-

Y
illinois.

Manager of Physical Facilities for Funk Bros. Seed Co. , Bloomington,
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crease in the commercial production fields (assuming contract growing) .
In the case of commercial seed, the economic justification for controlled
atmosphere storage lies in the value of a unit of inventory, the previous history
of discard due to poor vigor quality, the amount of carryover, and the seed company's return on investment criteria (4).. The economics depend primarily upon
the discard and inventory policy of the company. Studies show that a higher return may be obtained for investment in controlled atmosphere storage for the
carryover portion only than for the remaining portion of the storage. However,
the studies also show that favorable returns may be obtained in both cases. In
the case of a new warehouse of Funk Bros. Seed Co. , in Bloomington, the decision was to invest in controlled atmosphere for the entire storage including
bulk storage and for 12 months per year.

Another beneficiary of the practice of controlled atmosphere storage of
seed by seedsmen will be the farmer. The increased income from an added
yield of 5 or 10 bushels per acre is not difficult to calculate. But in some cases
it can make a difference in the profit from the farm operation.
Once the seed company has decided to use controlled atmosphere storage,
the selection must be made of equipment for temperature and humidity control
and of building insulation for reducing heat and water vapor transmission. Beck
has outlined the many alternates available (5).
Table I gives design data for a typical controlled atmosphere storage plant
for seed. Electric battery powered Fork lift trucks are used to prevent fumes ia
the warehouse. Electric motor-operated doors are used to keep "door-open"
time at a minimum. Also, an order-make-up or staging area is used between
llie cool room and the outside loading docks.
Operation of the system is relatively trouble free. Temperature-humidity
recorders are used and charts from these recorders are inspected periodically.
Routine maintenance on the compressors and fans generally is all that is required.
Jt is important that personnel responsible for the operation be trained in the
principles of temperature and humidity control. With this training, adjustments
in controls can be made readily for satisfactory operation.
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Table I - Design Data for Controlled
Atmosphere Seed Storage Plant
(50° F, 45% R. H. Year around)

Item

Value

Volume of room
Heat flow resistance , walls
Heat flow resistance, roof

2 ,100,000 Cu. ft.
0. 1 BTU/ hr/ ft 2j<>r;- cliff.
0. 05 BTU/hr/ ft2j<>r;- cliff.

Vapor flow resistance, walls & roof

2
0. 1 grain water vapor per hr/ft /in.
Hg diff. in vapor pressure.

Cool ing capacity

900, 000 BTU/hr (2 units 450, 000 BTU/
hr each)

Heating capacity

150 kw duct heaters

Air flow

30, 000 cfm (2 units 15, 000 cfm each)

Humidifier

15 kw elec. boiler

Fresh air make up

1, 000 cfm

Humidity control

Hot gas defrost on cooling units; 22°F
coil temp; 30°F air temp. off coils.
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SYSTEMS FOR CONTROLLING RELAJIVE
HUMIDITY AND TEMPERATURE James M. BeckY
The general requirement for good seed storage is a dry and cool environment. Seed operations located in climatic areas with high temperatures and relative humidities must have some system for controlling both the relative humidity
and the temperature of the air inside seed storage rooms . Sealed storage (vapor
proof containers) has been used for many years in the vegetable seed industry;
however, two factors have limited the use of this method for storage of field
crop seeds: (1) the cost of vapor proof containers, and (2) the moisture content
of the seed must be 2-3% lower than that normally considered safe for seed packaged in non- moisture proof containers.
Before considering several systems that can be installed to maintain low
relative humidities and temperatures, let us consider the basic requirements.
First, a structure must be provided that will keep infiltration of moisture and beat
to a minimum; second, there must be some means for dehumidification (removing
moisture from the air); and third, there usually must be some provision made
for lowering the temperature of the air.
Storage Room Construction
The question of how to build a good seed storage room becomes a question
of what is the best way to construct a "large container" and make it as air tight
as possible . This is necessary in order to keep the initial cost and the operatiifg
expense of the dehumidifying and cooling equipment at a minimum.
For low humidity conditions, it is essential that adequate vapor barriers
be included in the construction and that they be installed with the greatest of care
making sure that all joints are properly sealed. Thermal insulation requirements
will vary with geographic location.
Obviously, the size of the storage area should not be larger than absolutely
necessacy. If seeds are to be stored in a large warehouse, it is more economical
to condition only a small portion of the warehouse rather than to attempt to dehumidify and cool the entire structure.
Dehumidification
Generally speaking, there are two major categories of dehl.lPlidifiers:
refrigeration- type and chemical or adsorption-type.

!~rticle
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· Refrigeration-type
The refrigeration-type dehumidifier operates by drawing warm moist air
over a metal coil through which a refrigerant such as Freon is circulated. A
part of the atmospheric moisture condenses on this cooling coil and is collected
in a pan or bucket or is drained off. The cooled a ir coming from over the coil
which now has a low temperature and a high relative humidity is reheated by the
condenser coil of the refrigeration system; thus raising the temperature and
lowering the relative humidity.
The water removal capacity of this type of system is dependent on the
difference in temperature between the entering air and the cooling coil. While
these units are quite effective at high temperature, they lose efficiency below
70°F or 50% relative humidity. Heat from the electric motors that drive the
compressor and fans add sensible heat to the atmosphere.
Adsorption-type
The adsorption-type dehumidifier operates by drawing moist air over a
solid drying agent (desiccant) which has the ability to extract and retain moisture
on its surface by a phenomenon known as "adsorption." The air is filtered and
dried to a very low dew point in the process, and the desiccant is periodicall~
regenerated by means of heated outside air which vaporizes the moisture and
dispels it to the outside of the conditioned space. Continuous operation,of these
machines is achieved by either using two desiccant beds which switch back and
forth automatically, or by using rotating beds of desiccant, a portion of which is
is always dehumidifying the air , while the remainder is being regenerated.
Desiccant dehumidifiers provide maximum efficiency at low temperatures,
and are able to maintain constant relative humidities even below 10%. A factor
that should not be overlooked is that heat is added to the controlled atmosphere
even though the unit is placed outside the storage room. The latent heat of vaporization of the moisture that is removed is converted to sensible heat. There
is also a certain amount of residual heat left in the desiccant after reactivation
which increases the air temperature.
Heat Removal
Since an excessive heat build-up will usually be experienced when either
type dehumidifier is used alone to reduce the relative humidity in a seed storage
room, let us consider several means of removing this heat. The most common
and familiar method is by using a refrigeration-type air conditioner, which can
also be used to "dehumidify. " It operates in a manner similar to the refrigerant
dehumidifiers except that it has a larger cooling coil area and provides air or
water cooling of the condenser coils.
Water after-coolers can be used with a desiccant type dehumidifier if
the sensible heat load of the storage room is not excessive and a supply of cool
water is available. Pre- cooling and after- cooling coils that are cooled by are-
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frigeration system is a most efficient way of removing large amounts of moisture with a desiccant dehumifidier. At temperatures b elow 50°F, silica gel
will remove nearly 90% of the moisture from the air stream. At 100°F this
removal ratio is only about 50%.
Depending upon the temperature, relative humidity requirement, the
moisture, and sensible heat load, one method or systemis usually more efficient
than another. Therefore, let us consider eight possible systems for maintaining
the required temperature and relative humidity in a conditioned seed storage
facility.
Dehumidification System, Type I
As shown in the first illustration, a refrigeration-type dehumidifier is
placed inside the conditioned space. This self-contained unit consists of the
following components: refrigeration compressor, motor and fans, evaporator
and condenser coils . The air inside the room is r eci rculated through the unit
until the set relative humidity is reached and a humidity control switch in the
electrical circuit shuts the unit off. The humidistat will automatically turn the
unit on again when the moisture content of the a ir begins to increase due to infiltration or movement of moisture from the storage product or from other
moisture sources inside the room. This system can be used satisfactorily only
in locations where temperature control is not necessary; that is, where the
sensible heat increase does not raise the air temperature above safe limits.
Dehumidification System, Type IT
The second illustration shows a desiccant dehumidifier located outside
the conditioned space. This self-contained desiccant unit has the following components: desiccant (usually silica gel), heater coils, conditioned air blower
and reactivation blower. The air in the conditioned space, through a closed
system, is recirculated through the unit until the set relative humidity is
reached. A humidistat, located inside the conditioned space, controls the
running of the conditioned air blower. Most desiccant dehumidifiers are wired
so that the reactivation cycle continues even though the conditioned air blower
stops. This is desirable only when the unit must run most of the time to maintain the relative humidity in the conditioned space; otherwise, the result is excessive heat and e}I..'J>ense. By having the reactivation heaters and fan wired to
shut off when the conditioned air blower shuts off, and by locating the machine
outside the conditioned space, the heat buildup can be kept to a minimum.
Dehumidification and Cooling System, Type Ill
A conventional type air conditioner can be used to maintain temperature
and relative hu~idlty when the reduction of temperature is necessary for control of the sensible heat load. As shown in the th!rd illustration, only the evaporator section of the refrigeration unit is placed inside the conditioned space.
The air within the conditioned space is recirculated over the cold evaporator
coil, where moisture is condensed out. Outside air is drawn over the condenser
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coils releasing the transferred beat to the atmosphere. The unit is controlled
by a thermostat that shuts the compressor off when the temperature of the inside
air is reduced to the set condition. Since moisture Is condensed out only when
the room temperature is not satiSfied, sizing of the air conditioner for the sensible heat load becomes critical. The compressor must run to keep the evaporator coils cold if dehumidification is to be accomplished. To maintain a
more constant relative humidity condition, electric heater strips are sometimes
used to add heat to the air which will keep the unit running for longer periods.
If these heater strips are connected thru a humidistat, they can be turned on
and off au't omatically as the humidity inside the conditioned space changes.
Dehumidification and Cooling System, Type IV
The system shown in the fourth illustration consists of a desiccant dehumidifier with a water after- cooler. The water cooler is used to reduce the
air temperature as it leaves the desiccant dehumidifier. The size of the aftercooler coil and the quantity and temperature of the water that passes through
the coil will determine the amount of heat that can be removed. This system
is very effective for maintaining low humidities and temperatures in the range
of 5-10 degrees above the water temperature. A magnetic valve can be used in
the water supply system to automatically regulate the water flow, thus keeping
the air temperature within set limits.
Dehumidification and Cooling System, Type V
The fifth illustration shows a high moisture removal system that utilizes
a refrigeration unit in conjunction with a desiccant dehumidifier. Cooling for a
pre-cooling coil and an after- cooling coil is provided by the refrigeration system. Since silica gel can remove nearly 90% of the moisture from air at a
temperature below 50°F, the air in the conditioned space is first cooled by
passing through the pre-cooling coil before contacting the desiccant in the dehumidifier. In the process of adsorption, latent heat of condensation is converted into sensible heat. Because this sensible heat increase may increase
the air temperature as much as 50°F, the after-cooling coil is necessary to
reduce the temperature to safe limits. With automatic controls the temperature
of both cobling coils can be regulated thus making it possible to maintain low
humidities and temperatures inside the conditioned space to close tolerances
under a wide range of load conditions.
Dehumidification and Cooling System, Type VI
A simple system for controlling the temperature inside a conditioned
space while removing large quantities of moisture at higher temperatures is
shown in the sixth illustration. A self-contained refrigeration type dehumidifier located inside the conditioned space to remove the moisture from the air
is controlled by a humidistat. The sensible heat load is handled by a refrigeration unit that transfers the heat to the outside atmosphere. The air temperature inside the conditioned space is kept within set limits by a thermostat
that turns the refrigeration compressor on_and off. Of course, this type system
looses efficiency at temperatures below 700F and relative humidities below 50%.
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Dehumidification and Cooling System, Type VTI
A dual system, as shown in illustration 7, can be designed to maintain
low humidities and low temperatures in the conditioned space over a wide
range of load conditions.
The refrigeration systems will dehumidify (within limits of design) as
as cool the air. It works independently of the desiccant unit ; however, in
normal operation the two systems complement each other. The desiccant
dehuPl.idifier has a much higher moisture removal capacity by having cold
moist air entering the machine. Under extreme load conditions, the air temperature leaving the unit could be high enough to pick up sufficient moistur e
before entering the evaporator that a certain amount of water would be conldensed out on the cold coils.
we~l

Since either system can lower the humidity to a certain extent, this dual
system offers a safety factor in case of mechanical failure.
Dehumidification and Cooling System, Type VID
A mechanical refrigeration system, as shown in illustration 8, can be
designed to maintain low humidities as well as low temperatures inside a conditioned space. Since the evaporator coil temperature must be lJelow the dew
point of the conditioned air at l ow temperatures and r~lative humidities, the
moisture that condenses out will freeze , forming ice on the coils. Some provision must be made to melt this ice and remove it as water from the conditioned space. In the illustration, a hot gas defrost' system is shown. By use
of a time clock, bot discharge gas from the refrigeration compressor is
directed through the evaporator coil at regular intervals.
It should be pointed out that a refrigeration system that will function

well at temperatures below 70°F and 50% relative humidity is not composed
of standard "comfort" or "cold storage" refrigeration components--humidity
control must be built into the coil design and other components of the system.
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SEED QUALITY WORKSHOP : To~ - demonstrations of various seed
quality tests; Bottom --vTof. Everson discusses special purpose
tests for assaying various aspects of seed quality.
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THE USE OF TEST INFORMATION IN QUALITY CONTROL AND SALES
L. E. Everson.!/

In April, 1869 a German nobleman and farmer brought some seed

samples to Professor Knobbe (3) for identification. Apparently these samples
had been taken from seed purchased for planting. Professor Knobbe found that
one of the samples, a meadow fescue sample, contained only 30% of the species
claimed on the seed tag. Some of the seed that Knobbe had previously obtained
from seed merchants for planting in his experimental plots had been unsa~is
factory. Therefore, when a group of farmers from Dresden, Germany came
to him suggesting that he investigate the quality of seed marketed in Germany
he gladly agreed to cooperate. To do this, Knobbe established the seed testing
station in Thorandt, Germany in May 1869. Farmer s were invited to submit
samples to the station for testing. In addition, Knobbe obtained samples dire ctly from seed merchants. In the testing of these seed samples Knobbe learned
that seed merchants were adding cheap similar appearing seed to more exppnsive kinds of seed. Seed that had "died of old age" was mixed with new seed.
Graded and stained sand was added to clover seed. Old discolored legume seed
was "doctored up" through staining so lt would appear to be good seed. Light
oil was added to old turnip seed and sulphur dust was added to grass seed to
improve the appearance of the seed. After Knobbe was certain of hls findings
he published the results of his tests. He referred to the marketing of seeds in
Germany as swindle and deception and he asked merchants to stop thei r ''unworthy paths of agriculture." German merchants responded by attacking
Knobbe for his "imaginary claims ." Apparently the reputation of seed m e r -·
chants in England wasn't any better than in Germany because Knobbe refers to
England as the "classic ground for the falsification of seed." Knobbe said
that the merchandizing of seed would have to be regulated by law .
Justice (2) reported on the quality of seed marketed in the United
States between 1890-1915. He reported that there were many records of seed
adulteration, excessive weed seeds in seed lots and low germinati ons , particularily of vegetable seeds.
Seed Law Enforcement
Seed laws were established to regulate the sale of seed in Eu:::-ope ,
United States and in other countries of the world as Knobbe suggested. The
enforcement of state and federal seed laws has undoubtedly encouraged improvement in the quality of seed sold to growers. However, many see dsmen
now go beyond the requirements of state and federal seed laws in supplying
growers with quality seed. Competition between see dsmen and the desire to
establish a good reputation so growers will return to purchase seed year afte r
year are undoubtedly big factors in the trend to quality seed. It is expected
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that this trend will continue and persons conducting research and public education in the field of seed technol ogy must help the seedsmen in his efforts to improve the quality of seed available for planting.
Some of the test information that may be helpful to seedsmen in encouraging growers to purchase quality seed, rather than "bargain" or "cheap"
seed, will be discussed here.
Pure Live Seed
The use of "Pure Live Seed" (i.e. '·· purity x germination) has 1ong been
100
used .as a measure of seed quality by seed testing laboratories in Europe. The
author of this paper does not know who first introduced Pure Live Seed (P. L. S.)
as a measure of quality. In the United States it was recommended by Porter
(5) as an index value for adjusting planting rate . In 1956 Everson (1) suggested
the use of P . L. S. in the selling of high quality seed. The following formula
was suggested to determine the actual cost of P. L. S.
Price per pound
P . L . S.

= Cost per pound of P. L. S.
Basic Information

Seeds men are a prime source of information for the farmer or grower.
This has been proven in many surveys. The seedsmen who is best qualified
to answer the grower's questions, is also l ikely to have the largest number
of growers as customers. However, innumerable combinations of seed, son,
and weather conditions can make problems difficult to solve. A seedsman has
the best chance of solving grower's problems 1f he has basic information concerning structure of seeds, the physiologica l response of seeds and seedlings
to prevailing conditions and knowledge of the influence of pathological organisms on seeds . The seedsman should also understand the relationship of
s eed structure to seed damage in combining and processing. Since seed dam-age affects yield, and damaged seeds do not maintain viability in storage as
l ong as non-damaged seeds, a seedsman must do all he can to avoid damage
to the seed he intends to sell. Seedsmen may also avoid the purcbase of seed
lots with excessive seed damage by checking each lot for damage.
Most seedsmen are aware that seed size has some r e lationship to yield
for some kinds of seed. Nevertheless, seed size is commonly .overlooked by
s~edsmen. For some seed kinds, grading to size is a common practice. For
other seed kinds , grading to size would result in a better looking product,
little or no loss of seed and a better yield from the seed planted.
Special Tests, Quality Control, and Sales
Seedsmen are aware, or becoming aware, that special tests may be
used to identify seed lots of high quality. Some seedsmen are also using the
information obtained from special tests to promote the sale of their seed.
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Brief statements follow concerning some of the special tests available to seedsmen.
Vigor tests . Persons conducting seed research on the relationship of
vigor and yield have shown that the vigor of seed does relate to subsequent
stand and yield. However, seed researchers are not agreed on the particular
kind of vigor test to llse on seed. Nevertheless, some seeds men are promoting
the sale of their seed by advertising it as "vigor rated. "
Cold testing. Most seed corn companies in mid- western states have
their corn seed cold tested. The results of cold tests provide some indication
of the ability of corn seed lots to emerge from the soil when field conditions are
llnfavorable. . Most corn seed companies guarantee that the grower will obtain
a stand and they replace the seed lot if the grower fails to get a stand. Such a
guarantee would not be possible if corn seed did not receive a cold test, or some
other comparable test.
Tetrazolillm test. The tetrazolium test is a special test that provides
quick information concerning the viability of seed lots. Its usefulness as a
special test had long been recognized by seeds men. However, the tetrazollum
test was not recognized as an official test for labeling purposes by the Association of Official Seed Analysts (AOSA) llntil 1970. Crop species on which the
tetrazolillm test may be used must still be designated by AOSA. However, the
adoption of the tetrazolium test for labeling purposes will llndoubtedly mean
that this special test will be more widely llsed by seedsmen.
Toxin ("N" and "T") test. In the summer of 1970 southern corn leaf
blight (Helminthosporium maydis) became a seriolls threat to the corn crop in
the United States. Corn plants with Texas male sterile (T) cytoplasm were especially susceptible to this organism, corn plants with no:omal (N) cytoplasm
were relatively resistant. ~ Since most of the corn seed produced in the United
States for planting purposesrin 1970 was T cytoplasm seed, it was evident that
there was insllfficient N cytoplasm seed available to plant the 1971 crop. State
and Federal Seed Law Enforcement officials adopted the requirement that all
seed corn marketed had to be labeled with the percentage if T cytoplasm seed
present. This requirement created a seriolls problem for corn seedsmen
because many of them had blends of N and T sytoplasm seed in which they did
not know the percentage of T. To meet this problem the toxin, or N and T,
test was developed. This test is based on the susceptibility ofT, and relative
resistance of N, cytoplasm seed and seedlings to the pathotoxin of sollthern corn
leaf blight.
Infected Seed test. T cytoplasm seed corn lots and blends of T and N
seed produced in Mid- western states were commonly infected with H. maydis
in 1970 and 1971. H. maydis infected seeds were either dead or the seedlings
died after emergence from :the soil. The germination test did not provide the
necessary information. It was, therefore, necessary to develop the infected
seed test and train technicians to identify the H. maydis organism on seeds and
seedlings. This information was valuable to seedsmen and growers alike.
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The cold test was developed as a vigor test for corn seed; however, it can also be used
to evaluate quality of other kinds of seed . The picture above illustrates cold test
responses of three lots of cottonseed, all of which germinated above 80% in the regular
germination test.
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Fast green test. As early as 1957 Koehler (4) reported that pericarp
damage to corn seed caused a loss in corn yield. In attempting to determine
the percentages of damaged and non-damaged seeds in seed lots, Koehler found
it difficult to separate some of the damaged kernels fromnon-damaged kernels.
Therefore, he soaked corn seeds in a .1% solution of Fast Green FCF in water
prior to separation. Fast Green can be used to advantage in quickly checking
seed coat damage of many kinds of seeds. Not only is it useful in assessing the
seeds after final processing but each step in the harvesting and cleaning· of
seeds can be checked to determine the degree of damage caused by the equipment.
Soybean stress test. Field emergence of carryover soybean seed lots
are sometimes disappointingly low even though the germination tests are high.
In this case, the germination test does not reflect the degree of s~ed deterioration in storage. The stress test was developed to help predict the field emergence of carryover soybean seed. For the stress test, soybean seeds are
placed in a high humidity (99% R. H.) chamber set at 104°F for 30 hours. The
seeds are then planted in sterile sand at 77°F. At the same time nont"stressed
seeds from the same lot are planted alongside the stressed seeds. After seven
days, germination counts are made and the seedlings from the stress and regu~
lar germination test are evaluated .
Soybean hypocotyl ~elongation. Some varieties of soybeans are good
emergers from a deep depth of planting. Other varieties are poor emergers.
The ability to emerge quickly, or from a deep planting, is a desirable characteristic of any soybean variety. Therefore, plant breeders are now breeding
for good emergence. The ability to emerge can be checked by planting soybean seed of a given variety four inches deep in moist sand and maintaining the
ptanting at a 77°F temperature for ten days . During the ten day period seedlings from good emerging varieties will emerge from the sand, seedlings from
poor emerging varieties will not emerge. But plant breeders or seedsmen
with a number of selections or crosses to check need to use a more discriminating procedure. To do this, seeds from the crosses in question can be planted
in toweling, placed in a 77°F germinator in an upright position and the seedlings measured after eight to eleven days .
Future Tests of Seed Quality
The purity analysis, noxious weed check and germination test- are indispensable measures of seed quality and will continue to provide necessary information for labeling. However, efficiency in agriculture is now a necessity
for the grower as well as the seedsmen. Additional measures of quality are
essential if we are going to provide the grower with seed which will give maximum yield.
A special test may be applicable to a number of seed kinds. Conversely,
a special test may be applicable to only one kind of seed. Therefore, in the future we may anticipate many additional special tests, some "tailor made" for a 1
specific kind of seed or situation.
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Seedsmen, as well as seed technologists, have theorized about the
possibility of developing a "Quality Index. " To obtain such an index it has
been suggested that two or p1ore kinds of test results (e. g. purity, germination, cold test and a vigor) might be combined. A grower could then pick the
seed lot with the best chan~e of producmg_ma.ximum yield by checking only one
figure--the Quality Index. Seedsmen will give more consideration in the future
to the possibility of using a Quality- Index based on some combination of factors.
A toxin was produced to check the susceptibility or resistance of emerging corn seedlings to southern corn leaf blight (H. maydis). It now appears
that the production of toxins to test the susceptibility of seeds and seedlings to
many plant diseases may be conducted in the l aboratory. For the plant breeder
this will speed up the process of checking new lines for susceptibility since
most of this work is now done on plants in the field or in the greenhouse.
Most seed laboratories are qualified to provide seed testing services
for labeling purposes or to check seed samples for enforcement purposes.
Most laboratories, however, do not have the professional staff nor facilities
to conduct seed research, develop special tests nor carry information to people (public education). Professional personnel and research facllities are expensive. Therefore, it is not economically possible to staff and equip all seed
laboratories. It is feasible, however, to provide regional laboratories with
the support necessary to adequately staff and equip them . This will assure the
development of better measures of quality in the future and help insure against
threats to agricultural production in the future.
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SPECIAL TESTS TO IDENTIFY SPECIAL PROBLEMS
Charles C. Baskin.!/

Factors affecting seed quality are many and varied. Problems can and
do occur at any point from the field to the customer. In order to maintain good
quality seed it is necessary to test seed from time to time at all of points from
the field to the customer.
Every seedsman should employ some type of testing program. The kind
of tests, frequency of testing and the overall involvement in a testing program ·
will vary with the particular operation and the degree of quality control desired.
It is impossible to design a stereotype quality control program to fit the needs
of the entire seed industry. There are numerous tests that can be used. A seedsman must employ those tests that will meet his particular needs.
Mechanical damage, rupture of the seed coat or pericarp is a common
occurrence to many seeds and can occur at any step from harvest to sale. The
value of seed can be greatly reduced by mechanical damage thus the occurrence
should be checked throughout the harvesting-processing flow to determine the
frequency and severity of occurrence.
There are several ways of determining mechanical damage.
Frequency and severity of mechanical damage in large seed such as cotton, beans and soybeans can be determined simply by visual inspection of a sample. Cottonseed must be acid delinted. Special treatment of other large seeds
may or may not be necessary to detect damaged areas. Some type of magnification is helpful in detection of small damaged areas.
Acid delinting of small samples of cottonseed in the laboratory is quite
simple. Materials needed are a quantity of commercial grade sulfuric acid ,
kitchen strainer, plastic or glass stiring rod, plastic or glass bowl (about two
quart size)_, a plastic or rubberized apron to protect clothing, a pair of safety
goggles, small dryer (or seed can be spread on paper to dry), some method of
washing seed to neutralize the acid after delinting and a large (five gallon) plastic or glass container for disposal of used acid.
P lace a handful of seed in the strainer, put the strainer in the bowl containing the acid and stir seed until all linters are removed. Wash seed thoroughly
to remove excess acid and dry. Randomly sel ect a 100 or 200 seed sample and
inspect each seed for seed coat damage •

.!1 Extension Agronomist - Seeds; Misslssipgi Agricultural Extension Service, State College, Mississippi
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If desired, the extent of mechanical damage to cottonseed can be classifie d.
Non-cut: seed with completely intact seed coats.
Pinhole damage: seed with only one or two small punctures in the seed
coat.
Minor damage: seed with seed coat cracked or cut but not severely ,
damage primarily to the chalaza! end or sides of the seed.
Major damage: seed with large cuts or ruptures in the seed coat, portion of seed coat missing, cotyledons often exposed and damage
to the radicle end of the seed.
The use of dyes or stains can be very helpful in detecting damaged areas
in seed such as corn, small seeded legumes or soybeans. Stained areas indicate
damage to the seed coat and are much easier to see even with the aid of magnification.
Fast green is a dye that has been particularily useful in detecting mechanical damage in corn seed and small seeded legumes. A 0. 1 percent solution of
fast green can be made by dissolving 1 gram of fast green powder in 1000 ml. of
water. Randomly select a 100 or 200 seed sample. Immerse the sample to be
examined in the fast green solutionfori to 4 minutes. The l ength of time needed
for staining will vary with the kind of seed. Remove the sample from the dye
solution and rinse thoroughly to remove excess dye and allow seed to dry. The
areas of the seed that have damaged seed coats will stain green, undamaged
seed will have no stained areas. The point of attachment of the corn seed to the
cob may stain but this is easily reco'g uizabl'e from mechanfca.I damage.
Indoxyl acetate is a stain that is useful for detecting mechanical damage
Immerse the selected seed sample in a 0. 1 percent solution of
indoxyl acetate for 20 seconds. A 0. 1 percent solution can be made by dissolving 1 gram of indoxyl acetate in 100 ml. of ethyl alcohol. Then add 900 mi. of
water to make 1000 ml. of solution. Remove , rinse and dry for four to five minutes at about 110° F. Add ammonia vapor to the drying air. This can be done
by placing a piece of cotton saturated with household ammonia in the drying air
stream. The ammonia reacts with the indoxyl acetate (which has entered the
broken areas in the soybean seed coat) to give a purple color which is easily recognized.
in soybeans.

Checking a sample of seed after processing is completed will determine
if mechanical damage is a problem. If so, checking samples after each step in
harvesting and processing will identify the area or areas where damage is occurring.
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The incidence of mechanical damage in cotton seed can be determined by acid delinting a samp le of either seed cotton or cotton
seed . A, sample of seed bef ore mechanical picking; ~, . sample of
seed arter mechanical picking with improperly adjusted picker;
f , typical gin saw damage, note inrolled edges of gin cuts.
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The tetrazolium test is a test, often overlooked, that can be very effectively used in diagnosing problems. Many seedsmen have avoided using the tetrazolium test because they are of the opinion that the test is too time consuming
and too difficult to interpret. standard germination tests are slow and difficult
to interpret until one gains experience. The same is true for the tetrazolium .i'
test. With a little practice and experience, tetrazolium testing can reveal much
information about a seed lot in a relatively short period of time. With a little
experience an analyst can determine such things as frost or freezing damage in
corn, heat damage in various seeds and weather damage in seeds such as soybeans. The overall quality of a seed lot can be appraised almost at a glance.
One can determine if the lot is good, average or poor without evaluating individual seed. If a detailed analysis of individual seeds is desired this can be made
for a more critical evaluation of the seed lot. Details of tetrazolium testing are
available in the Tetrazolium Testing Handbook published by the Association of
Official Analysts.
Another problem frequently faced by many seedsmen is determining the
storage potential of seed lots . From time to time it is necessary to carry over
seed for one year or longer. Some seed lots will retain viability in storage,
others will not. These differences quite often cannot be detected by a standard
germination test.
The relative storability of corn seed lots can be determined by measuring the activity of glutamic acid decarboxylace in the seed (GADA) . This test
has certain limitations, the greatest of these probably being difference in varietal response and being limited primarily to grain crops. However, it is a very
effective method of determining the relative storability particularly corn seed
lots . Details for conducting the GADA test are availabl e from the Seed Technology Laboratory.
Another method of predicting the relative storability of seed lots is
accelerated aging. This test, pioneered by Dr. Delouche of the Seed Technology
Laboratory, appears to have application to any kind of seed. Small samples of
a seed lot are subjected to conditions of 100 percent relative humidity and 40 to
45° C for short periods of time (one to five days depending of the seed kind) then
seed are germinated and evaluated as in a standard germination test. Seed lots
that maintain their initial germination percentage or drop very little in germination will store better than lots where germination drops drastically after aging.
Details on accelerated aging are also available from the Seed Technology Laboratory.
The use of some tests to determine which lots of seed would store best
could save seedsmen thousands, maybe millions of dollars each year in storage
costs and loss of seed.
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The accelerated aging t est can be used to evalu ate t he re l at i ve
stor ability of seed lots.

The tetrazolium test when properly conduct ed and interpret ed is ,
perhaps , the most informative of all the seed quality t ests .
(Above, tetrazolium test of cotton seed .)
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QUALITY CONTROL IN PROCESSING FOUNDATION SEED !/

2/

Bill Gregg-

Quality control, as a system of accepting all units within established tolerances and rejecting all outside these tolerances, is the basic principle behind
our production system. Our assurance that cars and equipment will perform as
expected, with relatively trouble-free operation depends upon quality control.
The nutritive value and safety of our food, the quality of clothing, the safety and
effectiveness of medicines, all depend on quality control systems .
Certification itself is a quality control system designed to serve the seedsman who produces and sells seed, and to serve the farmer who buys seed. Regulations on seed stocks , generations, field standards, and labeling requirements .
are the certification tolerances which distinguish between the "accepts'' and the
rejects."
Foundation seed are the heart of certification, and quality control must be
a major part of every Foundation seed program. Anything less than the highest
quality breaks down the certification system, and causes financial loss to seedsmen, farmers, and taxpayers.
Certification regulations establish field and laboratory tolerances for
Foundation seed.
A serious gap in continuous quality control of Foundation seed is the general lack of acceptable guidelines for processing. Generally processing is left
to the individual program.
Foundation seed programs must produce many small lots of a wide range
of crops and varieties . These often include small lots of new crops, or crops
not ordinarily grown for seed in that particular area. Such conditions complicate the problems of seed production, and generally require actual upgrading of
seed quality during processing.
Quality control in seed p.rocessing can be spelled C-A-R-E. It can be
effective only when it is based on a well-planned , organized processing facility
which can produce acceptable seed when operated properly. Such a facility is
itself most of the quality control system, so this discussion is limited to processing plant factors affecting seed quality.
The purpose of processing is to remove undesirable materials from fieldrun seed, al ter seed condition to improve plantability, apply protective chemi-

.!!~ased on a pa~er presented at the meeting of the Association of Official
Seed Certifying Agencies in Biloxi, Mississippi.
'

'

"YA's~p"ciate Agronomist;curr;ently Chief-of-Party, MSU/AID Seed Industry
Development Contract, Brasilia, Brazil.
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cals, and package them in easily-handled and marketable containers. In such an
operation, quality control should be concerned with three phases:
1. Removing undesirable materials

2. Preventing contamination
3. Maintaining lot identity
Each of these is a separate part of the processing plant and its efficient
management.
I. Removing undesirable materials
During processing, seed are moved through machines which remove material to improve seed pur icy, germination, or plantability.
Process~

operations can be divided into several steps in a specific sequence . First is RECEIVING seed into the processing plant. Seed may then go
into STORAGE for later processing, or go directly into processing.
The first operation is CONDITIONING AND PRECLEANING. This. includes
removing appendages from the seed, removing large pieces of trash , or hu)J:ing
the seed.
The next step is BASIC CLEANING. The air-screen machine is the most
common basic cleaner. Some seed come from the field in good condition and
require only cl eaning on the air-screen machine.
It is usually necessary to use special SEPARATING OR UPGRADING machines to remove a specific contaminant. These separate crop and weed; seed by
differences in physical characteristics.

When all undes irabl e material has been removed, the seed are ready for
BAGGING. A fungicide or insecticide TREATMENT may be applied before
bagging. The seed may then be SHIPPED directly to certified seed growers , or
held in STORAGE until they are needed.
Compl ete processing depends on differences in physical properties of seed.
If a difference .~exlsts and a machine is avallable which can distinguish between
the seed at an efficient capacity, they can be separated. As a means of guaranteeing seed quality, Foundation seed programs should have available complete
selection of machines to separ ate seeds differing in SIZE, LENGTH, SHAPE ,
WEIGHT, SURFACE TEXTURE, COLOR, AFFINITY FOR LIQUIDS, or CONDUCTIVITY. No single machine can separate seeds that differ in all these
characteristics.
SIZE is the most common difference between seeds. The air- screen machine - the basic seed cleaner - uses a series of perforated sheet metal or woven
wire screens to separate seed of differ ent sizes. One or more air blast separations then remove light material .
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Two types of screen sizings are made: (1) scalping, in which good seed
drop through the screen openings while larger material is carried over the
screen to a separate spout, and (2) grading, where crop seed ride over screen
openings while smaller particles drop through the screen. A series of scalping
and grading screens can remove all material larger or smaller than crop seed.
The heart of the air- screen machine is the 200-plus different sizes-and shapes
of screen perforations available.
WIDTH and THICKNESS are used to grade hybrid seed corn and to separate many weed or other crop seed. Width and thickness separations are made
by turning a seed on edge, or standing it on end, to present its width or thickness dimension to a screen perforation. Seed below a certain width or thickness drop through the perforation; larger seed will not go through, and go out a
different discharge spout.
LENGTH differences are common among seed, and are frequently used to
remove undesirable seed. The indented cylinder and the disk separator make
length separations. The indented cylinder separator is a revolving cylinder
with many small indents in its walls. Seed are fed into the cylinder as it turns,
and each seed has an opportunity to fit into one of the indents and be l ifted. Long
seed will not fit completely into the indents, so they are not lifted as the cylinder
revolves . Shorter seed will be lifted, dropped into the liftings trough, and
carried out a separate spout.
The disk separator is a series of revolving disks . Each disk is a cast
iron wheel with ma_ror small undercut pockets cast into its sides. As the disk
turns through a mass of seed, each seed has a chance to sit in a pooket. Long
seed will fall out; short seed will sit inside the pocket and be lifted up out of
the seed mass and dropped into a separate discharge spout.
Seed enter the machine at one end, and move through the series of disks.
Each disk rejects or lifts out seed as the mass moves through the machine. A
series of disks with different pocket sizes can make several length grades in
one machine.
SHAPE varies widely among seeds. The size separation made by the airscreen machine uses some differences in shape, especially when triangularhole screens are used. The indented cylinder and the disk separator also use ~
shape to some extent as a f!lnction of length. However, the spiral separator
specifically separates round-shpped from flat-shaped seed.
The spiral separator is a simple vertical series of spiraled flight~. A
mixture of flat and round seed is fed onto the top of the inner spiral. As the
mixture moves down the sprials, round seed roll faster and their velocity increases until they jump over the edge of the inner flight of spirals, into an outer
flight where they go out a separate discharge spout. Flatter seeds cannot roll
fast enough to jump into the outer spiral, so they slide down the inner spirals
to a discharge spout. Flat and round seeds are thus separated in the spiral
separator by differences in ability to roll.
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SURFACE TEXTURE - relative roughness or smoothness of the seed coatis a common difference between seeds. The roll (dodder) mill and the draper
belt separate seeds that differ in surface texture. The magnetic separator, the
buckhorn machine, and vibrator separator also use some differences in surface
texture to separate seed.
The basic unit of the roll mill consists of two long cylinder - like rollers,
covered with a velvet or flannel material, mounted side by side so that they
touch down their entire length. They are mot.mted at a slight angle from one end
to the other. A mixture of smooth and rough seed is fed onto them at the high
end. As the rollers revolve up and out, rough seeds are caught by the nap of the
velvet or flannel roll covering, and are thrown up against the side of a curved
shiel d mounted above the rollers. Seed strike the shield at an angle, bounce
back and hit the roller at a higher position than that from which they started.
The rollers continue to catch seed and throw them against the shield, until rough
seed are carried up over the edge of the rollers and fall into a separate discharge
spout.
Smooth seed are not affected by the nap of the roller fabric, so they slide
down to the lower end and drop into a discharge spout.
The draper belt is a tilted flat-surfaced belt that moves uphill. A mixture
of rough and smooth seed is fed into its center. Smooth seed cannot get a solid
footing on the moving belt, so they slide downhill and fall off the low end. Rougher
seeds can come to rest on the moving belt, and are carried upward and fall off
the upper end of the belt. Absolute differences in surface texture such as the
roughness of dodder and smoothness of alfalfa are not necessary for a separation
by the draper belt or the roll mill. Sharp edges, sharp points, or projections on
many seeds are sufficient for a separation.
. Many seeds differ ln COLOR. More color separations by electronic col or
sorters are made each year , particularly on larger crops seeds. These machines
pass each seed before an electronic sensing device which compares the seed with
an electronic pattern or color background. If the seed's color is acceptable, it
is allowed to fall into the good seed spout. If the seed color is not in the acceptable range, a compressed- a ir nozzle blows the seed out of its normal flight
path into a separate discharge spout.
Color sorters have relatively low capacity, but their versatility makes
them valuable to Foundation seed programs.
Seed also differ in AFFINITY FOR LIQUIDS, or the ability of their surface
The magnetic separator and the buckhorn machine separate
seeds by this difference . The magnetic separator feeds the seed mixture into a
mixing chamber where a small amount of water or other liquid is added. Some
seeds absorb moisture and become damp, while others do not.
to absorb liquids.

Finely ground iron powder is fed into the mixing chamber and blended so
that each seed has a chance to contact the iron powder. If the seed held mois-
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ture, it will hold powder. The seed mlsture is then passed through a magnetic
field. Seeds which absorbed moisture and held iron filings are attracted by the
magnet, and are carried out to a separate discharge spout.
Many seeds differ in WEIGHT or SPECIFIC GRAVITY. The gravity separator, stoner, the aspirator , the pneumatic separator and the air blast of the
air-screen machine all make separations by weight differences .
Weight separations are made in comparison with a standard s uch as a
moving stream of air. Seed of different specific gravities are fed into the air
stream. The air is adjusted so that light seeds are lifted up by the air blast,
while heavier seeds are not lifted and settle down through the air stream.
The specific gravity separator separates seed on a perforated deck with
an adjustable air stream moving through it. The air stream is adjusted to lift
light seed whil e heavier seed lie on the deck surface.
Then the stratified layers of seed are separated by the inclination and
reciprocating motion of the deck. Since the deck surface is mounted at a slight
angle, light seeds held up by the air move downhill and discharge from the low
slde of the deck. Heavy seeds lie on the deck surface, and the reciprocating
motion tosses them uphill until they are carried to the high end of the deck to a
separate discharge spout.
The gravity makes a graduated separation from the lightest seed at the
l ow end of the deck to the heaviest seed at the high end of the deck. The stoner,
however, makes only a two part gravity separation--a heavy and a light fraction .
The seed mixture is fed onto the center of the deck while an air stream moves
through it. Air stratifies the seed so that light seed flows to the downhill end.
Deck motion moves heavy seed toward the high end. The stoner will separate
rocks from beans, sand from dover, and salvage good seed from waste products coming off the high end of the gravity separator.
Both the gravity separator and the stoner operate by passing air through
a mass of seed. The aspirator and pneumatic separator make a similar separation on a seed- by- seed basis. They lift light seeds up through an air column into
separate discharge spouts. Heavier seeds fall through the air blast into a discharge spout.
The aspirator pulls a negative pressure air stream through a separating
column. The pneumatic separator forces a positive pressure air blast through
a separating column.
These separators are the tools by which seed quality is controlled and
improved during processing. A foundation seed program should have and use
all separators needed to keep seed quality high.
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II. Preventing contamination

The weakest point in most seed programs is the care taken to prevent contamination or mixing of seed during processing. The processor is always under
pressure at harvest time to receive and clean seed as rapidly as possible. All
equipment must be completely cleaned before a new lot is introduced, but this
takes valuable time and the processor is always tempted to take short cuts.
Foundation seed programs cannot afford to take shortcqts, but they are
under the same pressure to do the most in the least time. Careful cleanup cannot be overlooked or given sloppy, half-hearted attention. The time required
for a complete cleanup can, however, be cut to a fraction of the usual time by
effective design and arrangement of the plant, and by efficient management
during processing.
Care in design and layout of a processing plant and in equipment selection
and installation can eliminate many potential sources of contamination. Many
changes can be made in existing plants to eliminate sources of contamination
that increase cleanup time. A few of these are:
1. General plant
a.

Floors
Floors should be smooth, easily swept, without cracks or
rough spots than hold seed. Concrete floors should be smoothsurfaced and finished with floor sealer. Wood floors can be
covered wtth tempered masonite or similar materials to eliminate cracks.

b.

Walls
Walls should be smooth, at least up to the height to which
seed bags or boxes are stacked, or to which seed can spill or
scatter. Studs of frame walls should be covered to eliminate
corners which hold seed and are hard to clean.

c.

Cleanup equipment
Every plant should have at least one heavy duty industrial vacuum cleaner and an air compressor delivering air .i.mder at
least 150 PSipressure.

2. Bins
a.

Inside of bins should have no cracks or ledges where seed can
lodge. Wood or cribbed bins should be lined with sheet metal,
with overlapping. edges of the sheet metal all pointed duw-nward
on the inside to avoid ledges, and all edges and seams brazed
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or soldered smooth. The ideal bin is made of heavy sheet
metal, welded on the outside, and reinforced with angle iron
mounted on the outside, so that its inside surface is completely
smooth and free of cracks and ledges.
b.

Inverted angle iron, or wood cut in aninverted "V" shape,
should be mounted on top rims of bins to eliminate ledges.
The bin discharge gate should be removable so the slides
holding it in place can be cleaned. The end of the slides
should be left open for easier cleaning.

c.

Bins should not be mounted side-by-side with common walls,
because of the danger of seed spilling over into adjoining bins.
The feed spout into such a bin should extend well below the top
of the wall to avoid overflow. The feed spout should be kept
in good condition so that it will not leak seed into other bins.

d. Floor and roof supports immediately above bins should be
sealed off or covered with Inverted angle iron or "V" cut wood
to eliminate ledges which hold seed.
3. Elevators and conveyors
a.

Where possible, self-cleaning continuous bucket elevators
should be used. Properly operated. these do not spill seed
and are completely self-cleaning.

b.

MiXtures in belt-and-bucket elevators can be reduced by:
(1) Keeping the head and discharge spout in good condition
to prevent scattering seed into bins or machines.
(2) Installing spacers between the belt and the buckets to
to reduce amount of seed lodging behind the buckets.
(3) Sealing off open ends of head and boot pulleys, or using
pulleys with c losed ends.
(4) Mounting the elevator a few inches above the floor, so that
boot inspection slides can be opened for cleanout. Elevators should not be mounted in pits too small for cleanout
access.

c. Augers should not be used.
d. Vibrating conveyors, properly used, are self-cleaning.
e . Belt conveyors should be installed with ample space around them
for easy cleanout.

106

4. Separators
Cleanout characteristics of separating machines cannot be altered
greatly, but proper installation can reduce cleanout time. When
possible, machines should be mounted above the floor on frames
or posts for easier cleanout beneath them. Space must be left
around machines so that all trapdoors and inspection plates can
be opened, and for ready access to all sides.
Discharge spouts and pipes should be installed for easy cleaning.
Also, they should not ~pill seed onto the floor during operation.
Smaller machines with little vibration can be mounted on casters
or on frames with casters. They can then be rolled out during
plant cleanup.
5. Receiving facilities
Receiving elevators should be self-cleaning continuous bucket
types. Receiving pits can be constructed without cracks or ledges
in the corners or on the covering grate.
Toteboxes l oaded from the combine, trucked to the plant, and
moved by forklift directly into storage eliminate at least one
handling of the seed, and offer less opportunity to introduce contaminants.
6. General management
General cleanliness in the plant should be stressed to keep plant
personnel constantly aware of the necessity of preventing mixtures .
Floors, corners, ramps, and similar areas should be kept wellswept. Dust or dirt should not be allowed to accumulate on ledges,
machines or building structures. Unused screens, machines,
pallets, boxes and other equipment should be cleaned before they
are stored.
When harvest of different fields can be controlled to some extent,
receiving and processing can be scheduled to reduce number of
cleanouts.
Only one variety or lot should be in the processing area at any
one time. Seed awaiting processing should be kept in the storage
area.
III. Maintaining Lot Identity
The importance of complete identity of every lot and bag of seed at all
times is obvious . Lack of identity and traceable records on a lot would defeat
the basic purpose of certification.
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Since both the condition and the containers,of seed lots are changed during
processing, adequate records and proper labeling during processing are essential .
A. Records
Complete processing records trace the seed from the time it is
receiv:ed at the plant until it is sold or shipped, with full details
of all operations. A processing plant record system includes full
records on:
1.
2.
3.
4.
5.
6.
7.

Receiving
Drying and/or temporary storage
Processing, treating and packaging
Testing
Storage
Inventory
Shipping/sales

B. Labels
1. An efficient lot numbering system which will maintain separate

identity of each lot is e~sential. A system of coded lot numbers
can show any necessary information including crop, variety,
field number, year grown, and individual lot.
2. Each incoming container of unprocessed seed should be labeled
with both tags and stencils or container numbers.
3. Records should indicate the identity of the lot in the cleaning process at any given time. Storage bins , handllng.bins, and toteboxes shoul d be numbered, and identity of bins or boxes used
should be entered in the records.
4. Each cleaned- seed container should be stenciled with at least a
lot number, in addition to the tags attached to it.
5. Warehouse storage should be divided into smaller numbered areas
as an additional safeguard. Clipboards, small blackboards, or
signs should be attached to each warehouserstack for quick identification and inventory control , and to prevent accidental delivery
of the wrong lot.
6. Color coding of bags or stencilled lot numbers helps identify seed
by variety or crop.
Equipping and managing your processing plant to remove all undesirable
materials in the seed, to prevent contamination of seed in the plant~·and to keep
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complete identity of each bag of seed at all times is the best possible quality
control system. It is an essential part of every foundation seed program.
IV.

Basic Quality Control

After. management teclmJques and processing have been upgraded to improve quality and mai:iltaln identity, a quality control system is easy to develop
and operate. Such a system should help identify problems affecting seed quality,
how they can be corrected in current seed lots, and how they can be prevented
in future lots. The basic steps in a simple quality control system include:
1. Sampling all incoming field-run seed.

2. Analyzing the samples to evaluate seed purity and germinability, and
to identify all factors which reduce seed quality.
3. Using this information to get more efficient processing, and to prevent recurrence of the problem.
4. Sampling and analyzing at all stages to evaluate the effectiveness of
each operation.
A. Sampling
Sampling techniques used for bulk grain and bagged seed can be used to
draw representative samples of field-run seed.
B . Sample Analysis
After the sample has been drawn and before the lot ls processed, the
sample should be completely analyzed and evaluated.
Analysis and evaluation tests which can be conducted to provide quality
control information include:
(1) Performance tests
germination test
vigor test
(2) Purity and mechanical condition tests
moisture test
analysis- classification test
sample separation test
Germination, vigor, and moisture test procedures are standardized and
well-known. The analysis- classification test, however, provides basic information beyond standard purity classification, so it must be more comprehensive
than the usual purity analysis. Its purpose is to separate into groups and identify all classes of materials which affect seed quality.
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DRYING

PROCESSING
"A quality control . system is easy to develop and operate. Such
a system should help identify problems affecting seed quality,
how they can be corrected in current seed lots, and how they
can be prevented in future lots. The basic steps in a simple
~uali~x.con~rol system i~c~ude ... sampling ... sample analysis . ..
., dent1f1cat1on .. .. and el1m1nation of the problem .... "
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Exact classification of each particle in the analysis-classification test
will depend upon its effect on seed quality, and will vary among crops. For
example, a commercial seed company divides garden pea samples into t}le
following types of materials which affect seed quality:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

Full-size crop seed of healthy, normal, true-to-type appearance
Free foreign material
Adhering foreign mat~rial
Mechanically damaged seed
Insect-injured seed
Physiologically-damaged seed
Mixtllres and offtypes

Each type of material must be evaluated to determine how if affects seed
quality, and if it should be eliminated or prevented. Information obtained from
this evaluation should answer these ql!estions:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

What is the material or damage?
What effect does it have on seed quality?
When did it get in, or happen to, the seed?
Can it be removed in the normal processing operations?
Is specialized processing required to remove it?
Is it impossible to remove?
Will specialized seed treatment or handling be required to minimize
its effects ?
(8) What can be done to keep it out of future lots?

C. Eliminating the Problem
This information can then be used to adjust, alter , or add to processing
and production operations to eliminate the problem in the current lot, and prevent its recurrence. This may involve using different screen sizes, discarding
more l ow quality seed from the lot, adding a machine to the processing line,
readjusting the combine, or even changing field production or weed control
practices. Once the problem, its nat.ure, and its source have been identified,
however, it can be eliminated.
D. Continuous Sampling and Analyzing
Samples should be drawn and analyzed from each processing machine or
operation so that both good seed and waste products can be thonoughly evaluated.
These questions should be answered:
(1)
(2)
(3)
( 4)
(5)

Is the problem being removed?
Are too many good seed being lost?
Should more seed or material be removed?
Is this processing step necessary and effective?
Are additional processing steps necessary?
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Every foundation seed program should have some quality control system.
Sample analysis and evaluation can be done either under a working arrange- ~
ment with a testing laboratory, or by the program's own facilities. Equipment
and trained personnel to do its own quality control work should be a regular
part of the program. Basic quality control facilities need not be elaborate and
usually require only a small investment, but they will probably pay higher
returns in the long run than any other phase of the program.
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A CLOSER LOOK AT SEEDS
Howard C. Potts.!/

Each person who uses seed for earning his living soon learns to distinguish among seed of different species on the basis of their characteristic size,
shape, color or similar visible differences. Although not as apparent or diverse,
the same seed have characteristic differences in their chemical components and
the structural relationship of the principal seed parts, i.e., embryo, cotyledons,
seed coat, etc. The purpose of this paper is to review some of the major differences in the chemical composition and structural arrangement of seed and to examine the effects of these two factors on seed viability and longevity.
Though frequently suggested, it is not likely that plant breeders can develop seeds of any species that are less subject to mechanical injury, will dry
more easily or will be of inherently greater longevity. Taking a closer look at
the chemical and structural make-up of seed should assist each of us to determine
those practical conditions. most desirable for seed, because. trying to find a seed
which can withstand the physical and environmental conditions to which we frequently subject them is an essentially fruitless effort.
There are several basic botanical facts which are true for all seed that
should be remembered. Five of the more important of these facts are as follows:
(a) A seed must be alive to be of value for reproduction.
(b) Seed of different species vary in their natural life spans.
(c) Within each botanical species, there is some variation in the chemical
and structural make-up of the seed of different varieties and, furth er,
seed of the same variety can vary in percentage oil, protein, and
carbohydrate.
(d) Moisture content has the most dramatic effect on a seed's longevity
and susceptibility to injury when other conditions are equal.
(e) All seed are hygroscopic {except hard seed).

1/

- Associate Agronomist, Seed Technology Laboratory, Mississippi State
University.
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Chemical Differences
There are three general catagories into which natural chemical substances
are classified: (a) fats or oils, (b) proteins and (c) starches or carbohydrates.
All seed of major importance contain at l east a trace of each of these substances.
Therefore, what is meant by the expression "high oil" seed, for example. soybeans,
is that it has a higher percentage of oil .than other seed kinds. In reality many
''high oil" seeds have a greater percentage of protein or carbohydrate than oil or
fat. Table 1 shows some of the more important seed kinds when classed on the
basis of their chemical composition.
Table 1. Classification of Some Important Crop Species According to the Chemical Composition of Their Seed.

"High Oil"
18-50%

"High Protein"
18-50%

"High Starch"
50%

Soybean
Cotton
Castorbean
Flax
Peanut
Sunflower

Austrian Winter Peas
Alfalfa
Beans, Snap
Cowpeas
Crimson Clover
Hairy Vetch
Lespedeza

Corn
Carrot
Fescue
Grain Sorghum
Oats

Rice
Sudan Grass
Wheat

What factors are most affected by the chemical composition of the seeds?
T.he major factors are moisture content, rate of deterioration and susceptibility
to mechanical injury. To simplify the task of classifying seeds on a chemical
basis, seed kinds typical for the three major chemical substances will be used.
These typical seed and their catagories are: soybeans (high oil) ; Austrian Winter
peas (high protein) and corn (high starch). Table 2 shows the average chemical
analysis of the seed of these species.
Table 2. Chemical Composition of Three Seed Kinds.

Seed
Kind
Soybean
Austrian Winter Peas
Corn

Crude
Fat%
19.7
1.0
4. 3

Protein
%
37.9
22.3
8.0

Total
Carbohydrates%
35.3
66.5
77.3

Initial Moisture
%
(5°C-50% R. H.)
8.6
10.9
11.5
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The influence of chemical composition on the moisture content of seeds
will be considered first. Remember, all seed are hygroscopic. They absorb
moisture from the environment until an equilibrium is reached between the moisture content of the seed and the relative humidity of the surrounding atmosphere.
The quantity of moisture in a seed at equilibrium is directly related to its chemical composition.
In general, the equilibrium moisture content of a ''high starch" seed,
such as corn, is higher than that of a "high oil" seed, such as soybean, under
the same atmospheric conditions. This phenomenon is true because oils don't
mix with water. An example should clarify this point. Think of a corn and soybean seed of equal weight, say 10 grams. By refe rring to the data presented in
Table 2, it is apparent that about 8 grams or 80% of the soybean seed will absorb
water (10. 0 grams total weight less 1. 97 grams crude fat), while 9. 6 grams or
96% of the corn seed will absorb water. Thus, if moisture is removed from both
seeds and then measured, the corn will contain more water because of the greater
amount of moisture absorbing starch and protein.

Note that the preceeding paragraph started with the words, in general.
A more critical examination of the relationship between a seed's chemical compos ition and its moisture content, reveal s exceptions to this general rule.
To show these exceptions, let's r eview the results of an experiment which
placed the three chemically different seed kinds, shown in Table 2, into storage
conditions of 20°C and relative humidities of 35%, 75%, and 93%. The initial
moisture equilibriums were: 11.5% for the "high starch" corn; 10. 9% for the
''high protein" Austrian winter peas, and 8. 6% for the "high oil" soybeans. Notice that these moisture contents are in keeping with the general statement.
When the seed were placed in the 35% R. H. chamber, they lost moisture
at about the same rate , and the general rule is still true since the "high starch"
corn has the highest moisture content and the. "high oil" soybeans the lowest
(Figure 1) . Figure 2 shows that at 75% R. H., the ''high oil" soybeans still have
the lowest moisture content. However~ the differences among the seed kinds is
diminished with the ''high protein" Austrian winter peas having increased 3. 6%
in moisture, the ''h~gh oil" soybeans 3o8% and the ''high starch'' corn only 2. 4%.
At 93% R. H. this general rule completely breaks down, as shown in Figure 3. The moisture equilibrium of Austrian winter peas and soybeans are essentially the s ame, 20%, while corn has reached a moisture content of only 18%.
Why this shift in moisture absorption at high relative humidities? It was apparently due to the protein which is relatively high in both the peas and soybeans.
A summary of. this work indicates the following effects of seed chemistry

on mois ture content: (a) at relative humidities below 75%, equilibrium seed moisture is inversely related to oil content9 (b) the protein content of a seed has
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little influence on its equilibrium moisture at relative humidities less than 75%
and (c) the influence of starch on equilibrium moisture content is about the same
at all relative humidities.
The establishment of moisture equilibrium in seed is a time dependent
process. This means that the day to day fluctuations in temperature and relative
humidity have little effect on the moisture content of seed stored in the warehouse.
However, seed produced in a "low humidity" area that are subsequently shipped
to a ''high humidity" area will increase in moisture content over a period of four
or five weeks until the equilibrium is restored.
Speed of deterioration is another factor greatly influenced by the chemical
composition of the seed. Normally, as the percent oil in the seed increases the
speed of deterioration increases. In most ''high oil" seeds the oils or fats start
to deteriorate soon after the seed reaches physiological maturity. This deterioration process will continue until the seeds are properly dried and then stored
under conditions that can slow this process. Our research indicates that once
deterioration starts, it can not be completely stopped.
When considering the effects of oil content on seed life, it is not wise to
generalize too broadly. For example, cotton and soybean seed are both high in
oil, high in protein and low in starch. In spite of these similarities, undamaged
cottonseed will store well under ambient conditions in the U. s. for about 24
months while soybeans of equal, initial quality will maintain satisfactory germination for only 12 months.
Another way in which the chemical components affect seed is in the susceptibiUty to mechanical injury. Starches, as they occur in seeds, are classified
as either soft or horny, i.e. hard. The soft starch is generally white in color
while the hard starches tend to be translucent. In dent corn we find both types
in the same seed and it is the greater shrinkage of the soft starch when the seed
passes physiological maturity that causes the characteristic dent.
Mechanical injury comparisons between two "high starch'' seeds such as
dent and flour corn (Indian corn), will show the floury corn to have more mechanical injury because of its greater quantity of soft starch. In rice, another ''high
starch" seed, we often find that the natural s tresses created during the drying
of the starch, as the seeds mature, are sufficient to create a fracture across the
endosperm. This is called "sun-checking". If we remove the hull of such seeds,
they will be classified as broken seed and they appear to be mechanically injured. Many of the "high protein" seeds, particularly lima and snap beans, become extremely fragile at moisture contents required for safe storage. This
fragility increases as moisture content decreases and is directly related to the
chemical composition and cell structure of these seed.
To summarize the effects of chemical composition on seed, keep these
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points in mind:
1. Seed longevity is a characteristic of a species and is influenced by the
chemical composition.
2. There is some natural variation in the chemical composition of seed
within each species.
3. Seeds are hygroscopic.
4. Seed moisture has a dramatic effect on a seed's longevity and susceptibility to injury than temperature under normal storage conditions.
5.

At temperatures below 40°C and average relative humidities below 75%,
"high oil" seed will have lowe r moisture contents than ''high starch"
seed at the same relative humidity.

6. Under most climatic conditions "high starch" and "high protein" seeds
will maintain their viability longer than ''high oil" seeds.
7. Some "high starch " and "high protein" seed a re very susceptibl e to fracturing damage due to the physical properties of differ ent starches and
proteins.
Structural Differences in Seeds
Let us now con sider some of the basic structural differences in seed which
are often overlooked or ignored. Do not confuse structural differ ences with physical differences, i.e. , size, length, width, thickness, color, roundness , specific gravity and seed coat texture, although, the two are related.
Natural differences in structure among seed of different species also affect
su sceptibit!ty to injury, moisture absorption and longevity. Fo r the purpose
of this discussion, seed have been classified into 5 categories based on their
structure. These categories are: (a) "weight protected seeds", (b) "structure
protected seeds", (c) "loose filled seeds", (d) ' 'naked fruits" and (e) ''naked .
seeds". Table 3 shows the classification of 20 of the most important species
according to these categories.
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Table 3. Classification of Selected Crop Species According to Structural Differences in Their Seed.

1. Weight Protected Seeds

4.

Fescue
Carrot

Naked Fruit
Corn
Grain Sorghum
Wheat

2. Structure Protected Seeds
5.

Alfalfa
Flax
Hairy Vetch
Lespedeza, Common
Sudan Grass
Rice
Oats

Naked Seeds
Soybean
Peanuts, Shelled
Austrian Winter Peas
Beans, Snap
Cowpeas
Crimson Clover

3. Loose Filled Seeds
Cotton
Castor Bean
Peanut, Unshelled
Sunflower
Weight protected seeds
A seed typical of weight protected seed is tall fescue. Seed of this category
are usually protected by the natural accessory parts that remain attached to the
seed. This protection arises from the fact that the seed, as it is normally encountered, is so light that it escapes damage. When dropped , the seeds do not
gain sufficient velocity to be injured or when hit, the seed offers very little resistance to the object which ~trikes it. There is a tendency for some of the seed
in this group to change sever al percentage points in moisture with no appreciable
change in physical dimension, thus an increase in weight per bushel may be observed with minor increases in moisture content.

Most seed of this category are quite susceptible, to cutting and crushing because the seed coverings, usually the lemma and palea, are not mechanically
strong. An example of this principl e is demonstrated by dropping a feather and
an egg simultaneously. The lighter feather isn't affected like the egg.
Structure protected seed
As the name implies the seed in this classification are protected by either
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their accessory structures or seed coats. Alfalfa is r epresentative of this group.
Even though the radicle is rather exposed due to the seed's s tructure , the seed
coat is relatively thick and hard and offers excellent protection to the embr yo.
However, not all small seeded l egumes fall into this categor y.
Sudangrass is also representative of this group. Although, structurally
the ' 'hulled" seed is essentially the same as grain sorghum, a "naked fruit",
the tough, durable lemma and palea gives excell ent protection against mechanical
injury. Seeds having this type protection can be equated to an inflated balloon
placed in a heavy paper bag and then dropped on a pin. The balloon does not
break as long as its "protection" i s in place, but remove the bag and the balloon,
representing a hulled seed, is destroyed by the same treatment.
Loose filled seeds
Seed of this category are those which are characterized by a comparatively
thick, tough, rigid seed coat or covering such as that found in cotton and unshelled peanuts. The covering acts as an excellent protectant for the fragile
embryo under normal conditions. It has been proven that seed quality problems
occu r when this protective cover i s broken, nevertheless, the protective covering is crushe~ , cut and sometimes removed by mechanical equipment and each
year we sit and wonder why these !'tough'' seeds can't take it.
Another characteris tic of this grouping of seed is that as the seed mature,
the seed coat will develop to a predetermined size, but the embryo may not completely fill the space provided. This leaves an air space inside the seed coat.
As a result, when we measure the seeds dimen sionally, they are the same size
but often differ in specific gravity because of different amounts of air space.
This characteristic will permit separation on the basis of specific gravity.
There is a rule of thumb that states "as seed moisture increases, test weight
p er bushel decreases. " This rule is based on the fact that seed increase in size
as moisture content increases and this absorption of water, because water is
lower in specific weight than seed materials, causes a decrease in weight per
bushel. This rule does not hold true for this category of seed because the seed
coat remains constant in size as the internal parts of the seed expand and contract with changes in moisture.
This principle is easily demonstrated. Measure the circumference and
weight of an empty shoe box, then open the box, place a brick inside, and repeat
the measurements. Naturally the circumference of the box r emains constant,
but the weight, therefore, specific gravity increases. However, if we start with
a full box, any material added will result in a change of circumfer ence and weight .
If the added material, such as water, is lower in specific gravity than the seed
materials, there will be a decrease in specific gravity.
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Naked fruits
Botanically, the "seed'' of the grass family are really fruits which have a
seed imbedded in them, thus, the classification "naked fruits".
In this category, of which corn is typical, some protection is afforded the

embryo by the endosperm which encircles it on three sides. Thus, simply by
chance three out of four injuries will occur to the less vital endosperm and,
although weakened the seed will produce a plant, if the damage has not affected
the embryo. However, this protection is somewhat deceiving and under the right
circumstances just a slight shock will destroy this protection in the region covering the embryo.
An additional problem· arising from the positioning of the embryo in seed of
this category ariseS' afte,r seed maturity, but while the s·e ed are s.iliU on the plant.
The embryo of seed of this category are positioned in the plants' accessory
structures in such a way that they are frequently surrounded by moisture following a rain. For this reason , sprouting or serious deterioration of the seed occurs
before they are harvested. Fortunately, some of these seed have a natural dormancy or the "sprouting" problem would be much worse.
Naked seeds
The last category of seed are classified as "naked" seed. As the name implies, they have very little natural protection and almost any handling will expose and damage the embryonic axis and the two cotyledons. A seed typical of
this category is the soybean.
Most naked seed belong to the legume family and are formed inside a pod.
When these seed are harvested, we remove this protective pod and expose the
seed to all kinds of deteriorative effects. Moisture readily passes through the
thin seed coat, except when it contains waxy substances, which gives very little
structural protection to the embryo. Additionally, the structural weaknesses , thin
seed coat, exposed embryo, etc., are often found in association with similar
undesirable relationships attributabl e to the chemical eonstituents in the seed, as
previously discussed.
Probably the most delicate seed is the shelled peanut. This seed combines
all of the undesirable structural and chemical characteristics. Neverthel ess,
every year thousands of tons of high quality peanut seeds are harvested, .d:r:ied,
stored, shelled and marketed. How is this possible? It is because, with peanut
seed producers, the seed comes first and the methods of handling and storing peanuts have been adapted to the seed's characteristics. Thus, we can learn from
those who have experience in handling a truly delicate seed. The first and most
important lesson is FffiST THE SEED!
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In summary, by utilizing our general knowledge about seed and combining these facts with the known effects of a seed 1 s natural chemical and structural
properties , it is possible to increase our understanding about seed. To do this,
recall the chemical and structural categories into which the seed we re placed
during this discussion as given in Tables 1 and 3. The r elative effect of chemical composition on .seed quality can be obtained by assigning a numerical r ating
6 to "high oil", 3 to "high protein" and 2 to 1 'high star ch" seeds. To similarly
reflect diffe rence s in structure the following scale can be use d: 1 for "weight
protected" seeds; 2 for ''structure protected" seed; 3 for "loose filled" seeds;
4 for "naked fruits", and 5 for "naked" seed. In both ratings, the higher the rating the more susceptible the seed are to da mage.

Refer to any species in the left hand column of Table 4, and multiply its. s t ructural classlficatioytrating by the chemical classification r_ating and the r esultwill be an
index value which is called the damage susceptibility index or DSI. The DSI is
a r ela tive rating of a seed's susceptibility to mechanical injury and the deterior a tive effects of high moisture and temperature. The DSI can be used to quickly
give an indication of relative difficulties one can expect to encounter when handling different seed kinds. Additionally some DSI values rather strongly suggest
the need to exercise far greaterprecautions, thanare presently used, in handling
seed of some species, cotton for example.
Remember that the DSI value s ar e relative values, therefore, species
not diffe ring by more than 3 in DSI value normally can be handled in a similar
manner without danger of violating the natural characteristics of the seed. The
DSI will not le ssen the need for each of us to learn all we can about the specific
charateristics of the seed that we handle.
In conclusion, by using the damage su sceptibility index as a guide for har -

vesting, drying, processing and storing of seed, many of the seed quality problem s encountered each year will not occur and the severity of others will be
r educed. As seedsmen, we have ignored nature' s seed laws long enough, there-·
fore, lets stop, now, and take a closer look at seeds.
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Table 4. Damage Susceptibility Index (DSI) for Seed

Structural Classification

Chemical Composition
High
High
High
Oil (X6) Protein (X3)
Starch (X2)

A. Weight Protected (X 1)

1/ 2/

2- 2

Carrot
Fescue

B. Structure Protected ( X 2)
Alfalfa

Flax

6

12

Hairy Vetch
Lespedeza, Common
Oats
Rice
Sudangrass

c.

6
6

4~/
4

4

Loose Filled (X 3)
Cotton
Castorbean
Peanuts, Unshelled
Sunflower

18
18
18
18

D. Naked Fruit (X 4)
8

Corn
Grain Sorghum
Wheat

8

8

E. Naked Seeds (X 5)
Soybean
Peanut, Shelled
A. W. Peas
Beans, Snap
Cowpeas
Crimson Clover

30
30

15
15
15
15

.!/Increasing DSI values indicate the need for greater precautions in handling
and storage to maintain seed quality.

~/ Seed of species not differing by more than 3 in DSI value normally can be
handled in a similar manner.
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REGISTRATION LIST

ALABAMA

ARKANSAS cont'd

Robert A. Burdett, Jr.
Alabama Crop Improvement
Auburn, Alabama

Don Cox
Gibbs Seed Company
Knobel, Arkansas 72435

Floyd Culberson
International Seed Company
3624 6th Avenue South
Birmingham, Alabama 35222

Tony Dillinger
Greenfield Seed Company
Harrisburg, Arkansas 72432

Lee Isaacs
International Seed Company
3624 6th Avenue South
Birmingham, Alabama 35222
Ralph Isaacs
International Seed Company
3624 6th Avenue South
Birmingham, Alabama 35222
William Isaacs
International Seed Company
3624 6th Avenue South
Birmingham, Alabama 35222
S. C. Kennon
International Paper Company
Bagpack Division
P . 0. Box 16447
Mobile, Alabama 36606
ARKANSAS
Calvin Coker
Bancroft Bag Company
Box 5427
Pine Bluff, Arkansas
Robert Cook
E. B. Gee Cotton & Grain Company
Blytheville , Arkansas 72315

Noal Lawhon
Lawhon Farm Supply
McCrory, Arkansas
Bill Montgomery
A & C Seed Elevator
Dumas, Arkansas
Andy Morris
E . B. Gee Cotton & Grain Co.
Blytheville, Arkansas 72209
Bill Riley
A & C Seed Elevator
Dumas, Arkansas
R. H. Sloan
Olin Corporation
P. 0. Box 991
Little Rock, Arkansas 72203
Sid Stephens
Southern Distributors, Inc.
5611 Big Oak Lane
Little Rock, Arkansas 72209
Mrs. Sid Stephens
Southern Distributors, Inc.
5611 Big Oak Lane
Little Rock, Arkansas 72209
Don West
Greenfield Seed Company
Harrisburg, Arkansas 72432

1 26

ARIZONA

COLORADO

Richard Countryman, Chief
Divis ion of Compliance
Arizona Commission of Agriculture
& Horticulture
P . 0 . Box 6189
Phoenix, Arizona 85005

Phil B. Brimhall
Great Western Sugar Company
Longmont, Col orado 80501

CALIFORNIA
Alvin F. Aggen
Box 741
Camarillo, California 93010
Lance Chao
J . G. Boswell Company
P. 0. Box 457
Corcoran, California 93212

w.

A. Griffin, Jr.
Kleenseed Delinting Company
Box 1595
Shafter, California 93263
Mrs. W. A. Griffin
Shafter, California 93263

G. 0. Burney
Oliver Manufacturing Company
Box 5 12
Rocky Ford, Colorado 8 1067
James A. Thomas
Oliver Manufacturing Company
Box 512
Rocky Ford, Colorado 81067
WASHINGTON, D. C.
E. A. "Max" Bolling
USAID International Training
Washington, D. C.
FLORIDA
Truman Turner
Florida Foundation Seed Producers
Box 14006, Univers~ty Station
Gainesville, Florida

John Mondry
W. Atlee Burpee Company
Santa Paula, California

Mrs. T ruman Turner
Gainesville, Florida

Harold Mullen
J. G. Boswell Company
Box 457
Corcoran, California 93212

Mrs. Glen D. Wise
Wise Seed Harvesting
Route 1 , Box 120
Frostproof, Florida 33843

Cl aude Richards
J . G. Boswell Company
Box 457
Corcoran, California 93212

Mrs. Gl en J. Wise
Wi se Seed Harvesting
Route 1, Box 120
Frostproof, Florida 33843

Marvin Rouhotas
Marvin 's Seed, Inc.
El Centro, California

Clint Wise
Wise Seed Harvesting
Route 1 , Box 120
Frostproof, Florida 33843
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GEORGIA

GEORGIA cont'd

Watson Bailey
Gold Kist, Inc.
Box 705
Dublin, Georgia 31021

Ronnie Stapp
Pennington Grain & Seed
Box 290
Madison, Georgia 30650

Paul D. Bl ankenship
National Peanut Res. Lab.
Box 110
Dawson, Georgia 31742

John D. Woodward
National Peanut Res. Lab.
Dawson, Georgia 31742
IDAHO

Bill Daniel
Gold Kist, Inc.
Box 705
Dublin, Georgia 31021
C. J . Hulsey
Hulsey Seed Laboratory
Box 132
Decatur, Georgia 30031
Harvey Lowery
Georgia Crop Improvement
Route 3
Whitehall Road
Athens, Georgia 30601
James McConnell
Eastern Tree Seed Lab.
Box 819
Macon, Georgia 31202
J . Brenton McKee
Cities Service Company
Drawer 50360
Atlanta, Georgia 30302
Sammie Parkman
Georgia Seed Development Commission
Whitehall Road
Athens, Georgia 30601
Whit 0. Slay
National Peanut Res. Lab.
Dawson, Georgia 31742

Charles Moeller
Asgrow Seed Company
Box 1235
Twin Falls, Idaho 83301
ILLINOIS
Parke Burrows
Burrows Equipment Company
1316 Sherman
Evanston, lllinois 60201
Michael Coon
Central illinois Seed Company
Tolono, lllinois 61880
Richard Denhart
illinois Crop Improvement Associ ation
508 South Broadway
Urbana, lllinois 62801
Mrs. Richard Denhart
Urbana, illinois 61801

J. W. Doonan
Burdick Aeration & El ectronics
Box 243
Decatur, illinois
Mrs. J. W. Doonan
Decatur, illinois
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James Huss
D. W. Tyler Company
3803 N. Vermilion Street
Danville , illinois 61832

H. A. Stults
Stults Scientific Engineering Corp.
3313 S. 66 Freeway
Springfield, illinois 62703

Mrs . James Huss
Danville, Dlinois 61832

Mrs . H. A. Stults
Springfield, illinois 62703

Harold Hoppe
D. W. Tyler Company
3803 N. Vermilion Street
Danville, Dlinois 61832

Alan Voiles
Columbiana Seed Company
Eldred, illinois 62077

Mrs. Harol d Hoppe
Danville , Dlinois 61832

Wesl ey Wilcox
Funk Brothers Seed Company
Bl oomington, illinois 6 1701

Bob Jordan
Central lllinois Seed Company
Tolono, lllinois 61880

Harold Wright
DeKalb Ag Research
DeKalb, illinois 60115

Everett Kuhn
F S. Services, Inc.
Box 1105
Decatur, Dlinois 62525

Mrs. Harold Wright
DeKalb, illinois 60115

Mrs. Everett Kuhn
Decatur, illinois 62525
Walter Monti
F S Services, Inc.
Seed Division
604 South Green Street
Piper. City, illinois 60959
Mrs·. Walter Monti
Piper City, illinois 60959
;

.

~

Daniel Pfister
Pfister Hybrid Corn Company
27 West Main
E l Paso, illinois 61738
Zeke Stanfield
Funk Brothers Seed Company
Bloomington, illinois 61701

INDIANA
Claude Butt
Indiana Crop Improvement
Route 6, Box 25
Lafayette, Indiana 47905
A. R. Geberin
Screw Conveyor Corp.
700 Hoffman Street
Hammond, Indiana 4632 0
Mrs. A. R. Geberin
Hammond, Indiana 46320
John Gerard
Syler, Inc.
Box B
Plymouth, Indiana 46563

129
INDIANA cont'd

IOWA cont'd

Charl es Hendrix
Indiana Crop Improvement
Route 6, Box 25
Lafayette, Indiana 47905

Danny Schultz
Farmer's Hybrid Company, Inc.
Box 157
Perry, Iowa 50220

John Henschen
Box 125
Woodburn, illinois 46797

Mrs. Danny Schultz
Perry, Iowa 50220
KANSAS

Robert Kinsell
Silver Lane Hybrid
R.emington, Indiana 47977
Gene Kreiger
Stewart Brothers
Route 8
Greensburg, Indiana 47240
Ivan Reel
Silver Lane Hybrid
Remington, Indiana
Dave Voris
Voris Seeds
Windfall, Indiana
IOWA
James Beardsley
Fimk Brothers Seed Company
Belle Plaine, Iowa 52208
Leroy Everson
Iowa State University Seed Lab.
Ames, Iowa 50010
Mrs. Leroy Everson
Ames, Iowa 50010
Darrell Olson
Funk Brothers Seed Company
Belle Plaine, Iowa 52208

Carl Byars
International Paper Company
3500 W. 75th Street
Prairie Village, Kansas 66208
Howard DeLange
DeLange Seed Company
Route 2, Box 13
Girard, Kansas 66743
Murland Taylor
Taylor Seed Company
Parsons, Kansas 67357
KENTUCKY
Hillis Batterton
Batterton Feed & Seed Supply
Route 2
Pleasureville, Kentucky 40057
Mrs. Hillis Batterton
Pleasureville, Kentucky 40057
John Dickens
Kentucky Foundation Seed
744 Press Avenue
Lexington, Kentucky 40506
John Haight
Kentucky Crop Improvement
929 S. Limestone
Lexington, Kentucky 40506
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MARYLAND

Donald Henry
Plant Materials Center

Darrell Cole
USDA, ARS, MQRD, Seed Quality
049 Plant Industry Station
Beltsville, Maryland 20705

scs
Quicksand, Kentucky 41363
Mrs. Donald Henry
Quicksand, Kentucky 41363
William Kelly
Logan County Seed Company
428 N. Main
Russellville, Kentucky 42276
Ellis Ray
University of Kentucky
Lexington, Kentucky 40506

MICHIGAN
Vergil Frevert
Crippen Manufacturing Co., Inc.
Box 350
Alma, Michigan 48801
Duane Tyler
A. T . Ferrell Co.
Saginaw, Michigan
MINNESOTA

William Robertson
University of Kentucky
Lexington, Kentucky 40506
Wilson Routt
University of Kentucky
Lexington, Kentucky 40506

Elwood Bauleke
Green Giant Company
LeSueur, Minnesota 56058

LOUISIANA

George Durkot
Carter Day Company
655 19th Avenue N. E.
Minneapolis , Minnesota 55418

Thomas Bowers
Richland Development Corporation
Box 1407
Shreveport, Louisiana 71158

Robert McMillen
Carter Day Company
655 19th Avenue N. E.
Minneapolis, Minnesota 55418

Don Raley
Monticello Gin & El evator Company
Route 1
Epps, Louisiana 71237

Don Voorhorst
Gustafson Manufacturing Co. , Inc.
6600 South County Road 19
Hopkins, Minnesota 55343

Thomas Terral
Terral-Norris Seed Company
Box 826
Lake Providence, Louisiana 71254

Mrs. Don Voorhorst
Hopkins, Minnesota 55343
MISSISSIPPI
Johnny Baxter
Jordan Wholesale
Box 867
Cleveland, Mississippi
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MISSISSIPPI cont'd

Ross Bell
Farmers Elevator & SUpply Company

Roy Meeks
Stoneville Pedigreed •Seed Co.
Stoneville, Mississippi

Box 579

Belzoni, Mississippi 39038
B. B. Billingsley, Jr.
Soil Conservation Service
BoxD
Coffeeville, Mississippi 38922
Joe Butler
The Wax Company
Box 60

Amory, Mississippi 38821
Ted Cheshire
Louisiana Seed Company of Mississippi
Jackson, Mississippi
Mrs. Ted Cheshire
Jackson, Mississippi
E. H. Flint
Delta & Pine Land Company
Scott, Mississippi

Lee Miller
Extension Agricultural Engineer
State College, Mississippi
William L. Rand
W. L. Rand & Son
Tylertown, Mississippi
Raymond Ruble, Jr.
Farmer's Milling & Seed Company
Magnolia, Mississippi
Mrs. Raymond Ruble
Magnolia, Mississippi
Rex Rutland
Delta & Pine Land Company
Scott, Mississippi
J . A. Vozzo
USFS
BoxFX

David Grimm
Coker's Pedigreed Seed
Tunica, Mississippi 38676
Frank Holmes
Swift Ag. Chemical Corp.
Tylertown, Mississippi
George Hyneman
Biggersville Gin Company
Route 4
Corinth, Mississippi 38834
Loren LeLeaux
Delta & Pine Land Company
Scott, Mississippi
0. D. Martin

Tylertown, Mississippi

State College, Mississippi 39762
Rodney Young
Tree Seed Laboratory - USDA
State College, Mississippi 39762
MISSOURI
Lloyd Cavanah
Dept. of Agronomy
College of Agriculture
University of Missouri
135 Mumford Hall
Columbia, Missouri 65201
Randy F allman

Dept. of Agronomy
College of Agriculture
University of Missouri
135 Mumford Hall
Columbia, Missouri 65201
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NORTH CAROLINA

Jimmy Henry
Soil Conversation Service
Box 108
Elsberry, Missouri 63343

Jimmy Bennett
McNair Seed Company
Box 706
Laurinburg, North Carolina 28352

Donald Smith
Soil Conservation Service
Box 108
Elsberry, Missouri 63343

Frank Howell
North Carolina Crop Improvement
P. 0 . Box 5155
Raleigh, North Carolina 27607

NEBRASKA

A. R. McKay
Processing Machinery
Box 96
Hickory, North Carolina 28601

Steve Schmidt
J . C. Robinson Seed Company
Waterloo, Nebraska 68069
NEW YORK
Stephen Nagy
New York Seed Improvement Cooperative
Box 474
Ithaca, New York 14850
Robert Sherman
USDA
P. 0. Box 295
Big Flats, New York 14814
Gerald G. Smith
The Stanford Seed Company
1 George Street
Box 951
Binghamton, New York 13902
NEW JERSEY
Wilson Merrick
USDA
Route 1, Box 236-A
Cape May Court House
New Jersey 08210

Joey Sawyer
McNair Seed Company
Box 706
Laurinburg, North Carolina 28352
Herschel Wahls
McNair Seed Company
Box 706
Laurinburg, North Carolina 28352
Frank Waters
Speight Seed Farms
Box 507
Winterville, North Carolina 28590
OHIO
Roy Becker
Ohio Seed Improvement Association
1001 W. Lane Avenue
Columbus, Ohio 43221
Tom Burch
Occidental Chemical Company
Rockford, Ohio 45882
Dan Elleright
Nosco Seed Co.
Delta, Ohio
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OREGON

Michael M. Gahn
Ohio Seed Improvement Association
1001 W. Lane Avenue
Columbus, Ohio 43221

Joe Park
Small Seed Harvesting & Prac. Lab.
USDA - .Gilmore Hall
Oregon State 'University
Corvallis, Oregon

Roy Roush
Ohio Seed Improvement Association
1001 W. Lane Avenue
Columbus , Ohio 43221
Chuck Shiel ds
Nosco Seed Co.
Delta, Ohio

PENNSYLVANIA
Joseph Beebe
Route 4
Towanda, Pennsylvania 18848
Mrs. Joseph Beebe
Towanda, Pennsylvania

OKLAHOMA
Harol d Byrd
Byrd Seed Company
Route 2
Sallisaw, Oklahoma 74955

Vincent J . Palau
Mercator Corp.
P . 0. Box 142
Reading, Pennsylvania 19609
SOUTH CAROLINA

Mrs. Harold Byrd
Sallisaw, Oklahoma 74955
Virgil Harden
Ferrell-Ross Company
P . 0 . Dra~r 26468
Oklahoma City, Oklahoma 73126
Curt JolmstOJ;l
JohnstOn Seed Company
·Enid; Oklahoma ,
Bill Swintin
Johnston Seed Company
Enid, Oklahoma
Lloyd Wicherd
Johnston Seed Company
Enid, Oklahoma
Randy Wieden
Johnston Seed Company
Enid, Oklahoma

Donald Clark
Coker Pedigreed Seed Company
Box 340
Hartsville, South Carolina 29550
Mrs. Donald B. Clark
Hartsville, South Carolina 29550
John Iseman
Coker Pedigreed Seed Company
Box 340
Hartsville, South Carol ina 29550
Mrs. John Iseman
Hartsville, South Carolina 29550
TENNESSEE
Peter Abbott
Abbott Seed Farm
Gumflat Road
Finley, Tennessee 38030
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VffiGINIA

Dennis McCaslin
Tennessee Farmers Cooperative
Halls, Tenn~ssee 38040

Jack Pinner
Carter-Day
Box 1267
Suffolk, Virginia

Billy Patton
Abbott Seed Farm
Finley, Tennessee
Bill. Wallace
Hagan Manufacturing Company
Memphis, Tennessee 38106

WISCONSIN
Gary Thomas
L. L. Olds Seed Company
Box 1069
Madison, Wisconsin 53701

TEXAS
Addendum:
Lee Bossley
Bossley Dryer, Inc.
Box 453
Bay City, Texas 77414
Brad Johnson
Garrison Seed Company
Hereford, Texas 79045
Mrs . Brad Johnson
Hereford, Texas 79045
Gilbert Saha
Bossley Dryer, Inc.
Box 453
Bay City, Texas 77414
M. E. Shell
Shell Material Handling Systems, Inc.
P . 0. Box 820
Dublin, Texas 76446

T. E. Shell
Shell Material Handling Systems, Inc.
P . 0. Box 820
Dublin, Texas 76446

ALABAMA
William Oswalt
Fayette Seed Company
P . 0. Box 308
Fayette, Alabama

